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NOTE: The lmrtion of the text affected by tile current changes is

indicated by a vertical line in the outer margins of the p_ge.
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TOTAL NUMBER OF PAGES IN TIqIS PUBLICATION IS 6 ..

CONSISTING OF THE FOLLOWING: ,i t "' \ /

Page Pagei'

Title

A thru E

i th ru xii

1-i thru I-ZO

2-i thru 2-2

2. l-I thru Z. I-i0

Z. 2-1 thru 2. 2-48

Z. 3-1 thru 2.3-72

Z.4-1 thru 2.4-38

2.5-I thru 2.5-44

Z.6-1 thru 2.6-48

2.7-I thru Z. 7- 48

Z.8-I thru 2.8-70

Z. 9-1 thru 2.9-38

Z. 10-1 thru 2.10-10

2. 11-.i thru 2.11-6

3-1 thru 3-21.2

4-i thru 4-50

5-1 thru 5-Z0

6-i thru 6-52

7-1 thru 7-2

8-I thru 8-2

A-I thru A-6

CHANGE INFORMATION

This handbook is subject to continuous qhang¢ or revision, on a priority

basis, to reflect current engineering or mission changes, or to improve content

or arrangement. The content and the changes are accounted for by the above

last of Effective Pages, and by the following means:

Record of Publication: The publication date of each basic issue and each change

issue is listed on page I3 as a record of all editions.

Page Change Date: Each page in this handbook has space for entering a change

date. The latest publication date will be entered in this space each time a page

is changed from the basic issue.

'*]he aiterisk indicates pages char_ged, added, or deleted by the current change,

Manuals will be distributed as directed by the NASA Apol!o Program Office. All requests for

manuals should be directed to the NASA Apollo Spacecraft Program Office at HoustoG Texas.
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R_2COI{D Ot;' PUBLICATION

This issue of the Apollo Operations Handbook,

Spacecraft 01Z, dated 1Z November 1966, constitutes

a revJ. sion of the handbook, dated !6 September 1966.

Subsequent changes may be issued to maintain infor-

mation current with spacecraft configuration throt.gh

completion of the mission. This record will reflect

the publication date of any reieased changes.
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LATE TE2CHNICAL CHANGES

The items listed below represent technical changes which have been approved too

late for inclusion in the 12 November 1966 printing of the Apollo Operations' Handbook.

Source

MCR

A1735

MCR

1591

J{EV 3.

FEO

M-.53025

(10-13-66)

MCR

A1733

(i0-11-66)

Description of Change Section Affected '

2.5
Change S/M RCS fuel from blendedhydrazine

mixture to monomethylhydrazine

Addition of inverter synchronizer power panel

which provides circuit breakers for the control

of power to the phase synchronizer unit.

This is a nomenclature correction for the

S-Band switch on the MDC panels No. 13, Z3

and 26. This change is required due to wiring

changes. The S-Band switch was marked

"PTT", "OFF" and "VOX". The switch is

now marked "OFF 'f , "OFF" and"T/R".

Modification of Crew Couch Lockouts. This

MCR removes the lockout solenoid actuator

and wire harncss from the X--X a-:is strut

lockout mechanism. Add an adapter to the

lockout mechanism assembly to fix in the

locked position. The switch on panel No. 9

and the wire harness assembly on the struts

will be removed.

2,3

2. 8 and 3

1,2,3
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SYNOPSIS OF SiGNIF!C-kNT CHANGES

This tabulation does not list all changes, additions, and/or deletions in the handbook.

Its purpose is to assist the reader in determining the significant technical changes in each

_.,X/SiC ITl.

PART I. TECHNICAL CHANGES

I land boo k

Se c ti o n( s )

Affected Description

Updated loci<out mec'hanisms on shock struts.

Updated forward hatch cover.

o

Revised I_CSC circuit diagran_ to include entry battery

backup power to pyro bus.

HZ purge line heater

Fuel cell H 2 and ()Z reactant shutoff valves holding

voltage control

Cryogenic system response and operation

Revised, updated, and assembled end-to-end circuit

and system diagrams. Added electrical power distrib-

ution diagrams and power requirements. Added

operating ranges and panel references to measurement

lists.

Added tabular data for color markings contained on

indicator displays and updated art.

Added typical charts from MMDB to determine S/C

consumable data.

Added data on S/C attitude controls.

Updated SPS ]Delta V and Engine Gimbal Angle charts.

Handbook

System( s )

Affected

GEN

GEN

SEQ

EPS.

EPS

EPS

PROP

SPS, EPS

and ECS

RCS, SPS

and EPS

RCS

SPS

h_: .... : '-. F,asic D:_te 12 Nov !966 Clmn,z-' !)at< P;_ge in-
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FOREWORD

This handbook and its contents are restricted to the require-

ments for Spacecraft 01Z. It presents, in one document, descriptions

of the spacecraft systems and equipment, and listings of the flight

crew operational procedures necessary for the safe and efficient

function of the spacecraft throughout its planned mission. This

handbook is designed pr{marily for use by the flight crew, and

secondarily for use by the mission flight controllers, flight planners,

and trainer operators.

NASA comments or suggested changes to this handbook should

be addressed to the Flight Planning Section, FCSD, MSC, Office

Code CF 32, Telephone HU3-4Z71.

_{ _ NIission Basic Date 12 Nov 1966 C]_ap_ee Date Page i/ii
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Section

TABLE OF CONTENTS

Title

,GENERAL INFORMATION.

1.1

1.1.1

1.1,Z

1.1.2. i

1.1.Z.Z

1.1.2.3

1 1.2.4

1 1.2,5

t 1.Z.6

1 1.2.7

1 1.2.8

1 1.2.9

1 1.3

1.1.4

1.1.5

1.2

1.Z.1

1.2. Z

!,3

1.4

Spacecraft 012 Configuration

LES Assembly

Command Module

t_orward Compartment

Crew Compartment

S/C Controls and Displays

C/M Mechanical Controls

Crew ]/2quipnqent and Equipment

Food and Water

Waste Management

Survival 1_2quipm ent .

Aft C_mpar tment

Service Module

Spacecraft LEM Adapter

Spacecraft Systems

Launch Vehicle Configuratton

S-1B i%co ster

S-IYB Second Stage

Mission 209A Weight Status

Postlanding and Recovery

SYSTEMS DATA•

Bays

2.1

2o1.1

Z.I.2

2.1.3

2.1.4

2.2

2. Z.I

Z.2. Z

2,2+2. 1

2.2.3

Z.Z.3.1

2. Z.3.2

2.2.3.3

2. Z.4

2.2.5

2.2.5.1

2.2.5.2

Guidance and Control

Systems Interface, Guidance and Control

Coasting Flight

Powered Flight

Atmospheric Flight

Guidance and Navigation Systems (G&N)

Introduction

Functional Description

Operational Modes

Ivlajor Component/Subsystem Description

Inertial Subsystem

Optical Subsystem

Computer Subsystem

Performance and Design Data

Operational Limitations and Restrictions

S/C Attittad e

IMU Operation

• °

Page

1-1

1-1

i -ii

1-4

I-6

I-6

1-6

!-6

1-12

1-15

1-15

1-15

1-15

1-16

1-16

1-16

1 -t6

1-19

1-19

1 -19

1-19

2-'1

2.1-1

2.1-1

2.1-1

2.!-2

Z.1-2

2.2-1

2.2-1

2.2-1

2.2-7

2.2-11

2.2-II

Z.Z-!3

2.2-16

2. Z-40

Z. 2-40

Z. Z-40

Z. 2-41

i '+."

,'_: 12 Nov ! 9 __6-6-:v_ _ion Basic Date Change Date Page iii:i _i_ " +'+ .......................
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Section

Z.Z. 5.3

Z.Z.6

Z.Z.7

2.2.8

Z.3

Z.3.1

Z.3. Z

Z.3. Z.1

Z.3.Z.2

Z.3,Z.3

Z.3.3

Z.3.3.1

2.3.3.Z

Z.3.3.3

Z.3.3.4

2,3.4

2.3.4.1

2.3.4.2

Z.3.4.3

Z.3.4.4

2.3.4.5

Z.3.4.6

Z.3.4.7

Z.3.4.8

2.3.4.9

Z.3.4.10

Z.3.4.11

Z.3.5

2.3.6

Z.3.6.1

Z.3,7

Z.4

Z.4.1

Z.4. Z

Z.4.2.1

Z.4. Z.Z

Z.4. Z.3

Z.4. Z.4

Z.4.2.5

2.4. Z. 6

Z.4.2.7

2.4.2.8

2.4.2.9

Z.4. Z. 10

2.4.3

Title

Optics Operation

Telemetry Measurements .

G&N Power Consm-nption

Interface Signals

Stabilization and Control System (SCS}

Introduction

Functional Description

Control Capabilities ..

Apollo Reference Axes

Subsystems

Flight Control Profiles

Ascent

Coasting Flight (Earth Orbital}

Powered Flight (Earth Orbital)

Entry •

Major Component/SubsTstem Description

Rate Gyro Assembly

Attitude Gyro Accelerometer Assembly

Pitch, Roll, and Yaw Electronic Control

Assemblies

Auxiliary Electronic Control Assembly

Display and Attitude Gyro Accelerometer Assembly

Electronic Control Assembly

Rotation Controls

Translation Controls

Flight Director Atti.tude Ind'_cator

Attitude Set/Gimbal Position Indicator

Velocity Change Indicator

Electrical Power Distribution

Performance and Design D, ata

Operational Limitations and Restrictions

S/C Attitude Change

Telemetry Measurements

Service Propulsion System (SPS)

Functional De sc r iption

Major Component/Subsystem Description

Pressurization Subsystem

Pr ope!lant Sub s y stem • •

Bipropellant Valve Assembly

Engine Injector

Ablative Combustion Chamber .

Nozzle Extension

Flight Combustion Stability Monitor FCSM}

SPS Electrical P,eaters

Thrust Mount Assemblies

Propellant Utilization and Gauging Subsystem (PUGS)

Performance and Design Data

Z.Z-41

2. Z-41

2. Z-45

g. 2-46

Z.3-1

2.3-i

2.3-3

Z.3-3

2.3-7

Z.3-8

2.3-4Z

Z. 3-44

Z. 3-45

Z. 3-48

2,3-51

Z. 3-53

Z. 3--53

2.3-54

2.3-56

2.3-57

2.3-57

Z. 3-61

Z. 3-65

2.3-66

Z. 3-67

2.3-67

Z. 3-67

2.3-67

2.3-71

2.4-1

2.4-I

Z.4-Z

Z,4-Z

Z.4-6

Z.4-7

2.4-9

Z.4-9

Z.4-9

2.4-9

Z.4-11

Z.4-11

2.4-18

2.4-30

g

• I
?,,,',-:_,n Basic Date 12 Nov 1966 Change Date Page iv I
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Secti6n

2.4.3.1

2.4.3.2

2.4.3.3

2.4.3.4

2.4.4

2.4.5

2.5

2.5.1

2.5. Z

Z.5.3

Z.5.3. 1

2.5.3.2

2.5.3,3

2,5.3.4

Z.5.3.5

2.5.4

Z.5.4, 1

2.5.4.2

2.5.4.3

Z.5.4.4

2.5.5

2.5.6

Z.5.7

2.5.8

Z.5.8. 1

2.5.8.2

Z. 5.8.3

2.5.8.4

2.5.9

2.5.9.1

2.5.9.2

Z.5.9.3

2.5.10

2.5. 10.1

2.5.11

2.6

Z.6.1

2.6.2
2.6.2.1

2.6.2.2

2.6.2.3

Z.6.2.4

2.6.3

2.6.3.1

2.6.3.2

2.6.3.3

2.6.3.4

Title

Design Data

Performance Data

Power Consumption Data

SPS Electrical Power Distribution

Operational Limitations and Restrictions

Telemetry Measurements . •

Reaction Control System (RCS)

Introduction

S/M RCS Functional Description

S/M RCS Major Con_ponent/Subsystem Description

Pressurization Subsyste:n

Propellant Subsystem • • •

Engine Assemblies

Pressure Versus Temperature Measuring System

Engine Thrusting Logic

S/M RCS Performance and Design Data

Design Data

Performance Data

Power Cons_rnption Data S/M RCS and C/M RCS

S/M RCS Electrical Power Distribution

S/M RCS Operational Limitations and Restrictions

S/M RCS Telemetry Measurements

C/M RCS Functional Description

C/M RCS Major Components/Subsystem Description

Pressurization Subsysten_

Propellant Subsy s%e:n

Engine Assembly

Propellant Jettison

C/M RCS Performance and Design Data

Design Data

Performance Data . •

Power Consumption Data

C/M RCS Operational Limitations and Restrictions

C/M RCS Electrical Power Distribution

C/ivl RCS Telemetry Measurements

Electrical Power System (EPS)

Introduction

Functional De s c r iption

Energy Storage

Power Generation

Power Conversion

Power Distribution

Major Component/Subsystem Description.

Cryogenic Storage •

Batteries .

Fuel Ceil Power Plants

Inverters

Page

2.4-30

2.4-33

2.4-33

2.4-35

2, 4-35

2.4-35

2.5-I

2.5-,i

2.5-1

Z.5-4

2.5-7

Z. 5-3

2.5-_

2.5-13

2.5-15

2.5-16

2.5-16

2, 5-18

2.5-18

Z. 5-19

2.5-19

2.5-19

2.5-23

2.5-24

Z. 5-27

Z. 5-Z8

Z. 5-30

2.5-34

2.5-39

Z. 5-39

2.5-4]

Z. 5-41

Z, 5-41

Z. 5-41

Z. 5-41

2.6-i

2.6-I

2.6-I

2.6-i

2.6-2

2.6-2

2.6-2

2.6-5

2.6-5

2.6-6

2.6-12

2.6-17
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Z.6.3.5

2.6.3.6

2.6.4

2.6.4.1

2.6.4. Z

2.6.5

2.6.5.1

2.6.5. Z

2.6.6

2.7

2.7.1

2.7.2

2.7.3

Z.7.3.1

2.7.3.2

Z.7.3.3

2.7.3.4

2.7.3.5

Z.7.3.6

2.7.3.7

2.7.4

2.7.4.1

2.7.4. Z

2.7.4.3

2.7.4.4

2.7.4.5

2.7.4.6

2.7.4.7

2.7.4.8

2.7.5

2.7.5.1

2.7.5. Z

Z.7.5.3

2.7.5.4

2.7.5.5

2.7.6

2.8

2.8.1

2.8.2

2.8.2.1

2.8.2.2

2.8.2.3

2.8.2.4

2.8.3

2.8.3.1

2.8.3.2

Title

Battery Charger

Power Distribution

Performance and Design Data

AC and DC Data

Power Requirements

Operational Limitations and Restrictions

Fuel Cell Power Plants

Cryogenic Storage Subsystem

Telemetry Measurements

Environmental Control System (ECS)

Introduction

Functional Description •

Major Coraponent/Su.bsystena Description

Oxygen Supply Subsystem

Pressure Suit Circuit Subsystem

Cabin Pressure and Temperature Control Subsystem .

Water--Glycol Coolant Subsystem

Water Supply Subsystem

ECS-Waste Management System Interface

Electrical Power Distribution

Performance and Design Data

Metabolic Data

Oxygen Supply Subsystem

Pressure Suit Circuit Subsystem

Cabin Pressure and Temperature Control

Subsystem •

Water-Glycol Coolant Subsystem

Water Supply Subsystem

Waste Management System

ECS Power Consumption Data

Operational Limitations and Restrictions

ECS Caution Placards

ECS Caution Notes

ECS General Data

Cabin Depressurization Rates

Cabin Repressurization Rates •

Telemetry Measurements

Telecommunication System

Introduction

Functional Description

Voice Conamunications

Data Operations

Tracking and Ranging

Unified S-Band Operations

Major Connponent/Subsystem Description

Instrumentation Equipment Group

_V'oice and Data Equipment Group

Page

z.6-2z

z.6.-z5

Z. 6-30

2.6-30

Z. 6-34

2.6-36

2.6-36

2,6-38

Z. 6-39

2.7-I

Z.7-I

2.7-Z

Z. 7-3

Z.7-3

2.7-7

2.7-13

2.7-17

Z. 7-24

Z. 7-26

2.7-28

Z. 7-31

Z.7-31

Z. 7-31

Z. 7-32

Z.7-32

2.7-32

Z. 7-33

Z. 7-33

2.7-33

2.7-38

2.7-38

2.7-38

Z. 7-39

Z. 7-39

2.7-39

Z. 7-44

Z.8-1

2.8-I

2.8-2

2.8-2

2.8-6

2.8-10

2.8-12

2.8-.13

2.8-14

2.8-17

E
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I

I

I

I

I

I
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I
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2.8.3.3

2.8.3.4

2.8.3.5

2.8.4

.2.8.5 '

2.8.5.1

2.8.5.2

2.8.5.3

2.8.5.4

Z.8.6

2.9

Z.9.1

2.9.2

2.9.Z.I

2.9.2.2

2.9.2.3

2.9.2.4

2.9.3

2.9.3.1

2.9.3.2

2.9.3.3

2.9.3.4

2.9.4

Z.9.4. 1

2.9.5

2.9.6

Z. lO

2. 10. I

2. I0.2

2.10.3

2.10.3.1

2.10.4

3.10.4.1

2.10.5

2.10.5. 1

2. I0.6

Z. ll

Z. ll.1

Z.!l.2

Z.11.3

2. i1.4

2.11.5

2.11.5.1

2.11..6

Z. ll.6.1

Title

RF Electronics Equip_nent Group

Antenna Equipment Group .

Electrical Power Distribution

Perfomnance and Design Data

Operational Limitations and Restrictions

Antennas

Data Storage Equipment

Unified S-Band System

General

Telemetry Measurements

Sequential Systems

Introduction

Function al De sc r iption

Sequential Events Control System (SECS)

Emergency Detection System

Launch Escape System

Earth Landing Systern

Major Cornponent/Subsystern Description

Sequential Events Control Systen_

Emergency Detection System

Launch EscapeSysten_

Earth Landing Subsyste_T_

Performance and Design Data

Power Requirements

Operational Limitations and Restrictions

Telemetry Measurements

Caution and Warning System (C&WS)

Introduction •

Functional Description

Major Component/Subsi"stern Description

Electrical Power Distribution..

Performance and Design Data

C&WS Power Consumption Data

Operational Limitations and Restrictions

C&WS General Data

Telemetry Measurements

Miscellaneous Systems Data

Introduction

Clocks

Digital Event Timers .

Accelerometer (G-Meter) .

Command Module interior-Lighting

Functional Description

Cm:nmand Module Uprighting System

Functional Description

Page,

2.8-42

2.8-37

2.8-62

z. s-_z
2.8-67

2.8-'6 7

2.8-_7

2.8-68

2.8-62

2.8-69

2.9-I

2.9-!

2.9-1

3.9-i

2.9-4

2.9-10

Z.9-1!

2.9-14

Z.9-14

2.9-34

2.9-32

2.9-33

2.9-33

2.9-33

3.9-3_%

2.9-36

2.].0--i

Z. i0-!

2.10-I

Z. 10--3

2. I0-3

2. 10-3

Z. 10-3

Z.,i0-3

2. i0-3

Z. !0-10

2.11-I

2. i]-!

2. 1!--!

2.!i-i

Z. 11-i

2.1!-t

2.11-Z
o..1i-2

2.1]-2

3 CONTROLS AND DISPLAYS . 3-1

3. 1 Controls/Displays Locator Index

:_ .q_ }di. ssioc-' Basic Date ].Z Nov I_..66 Change Date Page vii
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1.1.1

SECTION 1

GENERAL INFORMATION

IN T RODU C TION.

This section contains infdrn_ation relating to the A'po]lo spacecraft OhZ

configuration, and a description of tiae launch vehicle and booster used for

the mission.

SPACECI<AFT 0 IZ CONFIGURATION.

Spacecraft 01Z (figure ]-i) conforms to a Block I CSM configuration

consisting of a launch escape system (LES) as-sembly, comn-.and module

(C/M), service "_nodule (S/M), and the spacecraft lunar excursion module

adapter (SLA). This spacecraft, designed for an earth orbital mission,

does not contain a lunar module (LM) within its adapter. (For a description

of the launch vehicle used with spacecraft 01Z, refer to paragraph ].2)

[_9_ The IBlock I configuration missions for the Apollo

program provide the following:

e Command module and service module development for

earth orbital missions

• Demonstration of systems operational capabilities

including all types of aborts, land and water recovery,

Saturn IB and Saturn V operation and capability, and

systems operation during earth orbit

Development of qualified teams for checkout, launch,

manned space flight network (MSFN), recovery, and

flight analysis.

LES ASSEMBLY.

The LES assembly (figure ]-i) provides the means for separating the

C/M from the ].aunch vehicle during pad or suborbital aborts. This assembly

consists of a Q-ball instrumentation assembly (nose. cone), ballast com-

partment, canard surfaces, p_tch control motor, tower jettison motor,

launch escape motor, a structural skirt, an open-frame tower, and a boost

protective cover (BPC). The structural skirt at the base of the housing,

which encloses the rocket motors, is secured to the upper portion of the tov.'er.

SPACECRA'ET 0 ] Z (_ONI:.... I£_U_J{ATION_
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The BPC (figure l-Z) is attached to the lower end of the tower to protect the

C/M from thermal heat during boost and from exhaust damage by the

launch escape and tower jettison motors. EXplosive nuts, one in each

tower well leg, secure the tower to the C/M structure. {For additional

information, refer to the sequential systems in section Z.)

1.1,Z COMMAND MODULE,

The C/M (figure i-3) forms the spacecraft control center, contains

necessary automatic and n_anual equipn_ent to control and monitor the

spacecraft systems, and contains the required equipnlent for safety and

conform of the crew. The module is an irregular-shaped, primary

structure encompassed by three heat shields (coated with ablative material

and joined or fastened to the primary structurei forrning a conical-exterior

shape. The C/M consists of a forward compartment, a crew compartment,

and an aft compartment.

FORWARD BOOST COVER

(HARD CON STRUCTION)._

RCS PITCH MOTOR PORTS

8" DIA

Wl_

COVER

SPLIT LINE

RCS ROLL
MOTOR PORTS
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_,ONEYCOMB/ t CORED-LAMINA1 ED

FIBERGLASS PANEl..

HARD _
COVER SEAL _ 0.3' THICK CORK ABLATOR

H[_ERGLASS RING/)/ _' _
C/M HEAT SHIELD ABLATOR

ENTRY

HATCH

BOOST

COVER

(SOFT PANELS)

RCS ROLL MOTOR PORTS

RCS PITCH MOTOR PORTS

'AM,

SM-2A-I031

Figure I-Z. _oost Protective Cover

E

[

[

E

E

[

:{ SPACECRAFT 012 CONFIGURATION

Mi-is:,c,n ....... ........ Basic Date 12 Nov ].966 Ct,an_." _e Date Page 1--4 _:_



;]

f_
¢:..i_

SMZA-03-.SG0 !Z

APOL)L0 OPERATIONS [JlANDBOOK

GENERAL INFORMA TION

_n::j

!%'i

i:<!

4
<3

> ;<7

<i

3

?.i

:ii:}_

<I

::4

4
?

' }ii

<!
i_!iiiiI

]

FORWARD HEAT SHIELD

(APEX COVER)

OPTICAL SIGHTING

PORTS

CREW

COMPARTMF NT

HEAT SHIELD

-Y_-Z
PLUG

(FOR APEX COVER

PILOT PARACHUTE)

LAUNCH ESCAPE TOWER

[TYPICAL)

PITCH

ENGINES

FWD ViDNI NG

(RENDEZVOUS)

Vii N'D OWS

HATCH

AFT

PITCH

I ENGINES

YAW ENGINES

( C/M TO S/M

SIDE WINDOW UMBILICAL

(TYPICAL 2 PLACES)" HATCH WINDOW

ROLl_ ENGINES

(TYPICAL)

AXES

4-X , v

+Z .. 11+

'_:a___zBREAKOUT PLUG \ _.

x_ .LEFT-HAND FORWARD -y " -X

FORWARD //_k:_-____ /EQUIPMENT BA'_ m_-. FORWARD ACCECS H,_TCH

ICOMPARTMENT \ //_ T_--_ / RIGHT-I-IAI'4 D ./__ 7'_--_, / " '

\/2<_ _k\/ FORWARD A_r---_X\ _.FORWARD
"Z//,,lll [ \2. EQUIPMENT BAY _i X.,>(_'_X /COMPARTMFN',"

CREW COMPARTMENT ./_l ." l!/\_ .. I((11', _" I_,, \/
, , .-, LOWER , i "

CREW COUCH {/ __ I[ "'_i]:-"X\_¢ -_(._ _,_q"_--_'H'c[_,)t\ _,. /COMPARTMENT

(TYPICAL)...._ /__#_._ JI r,!_<___\Z\ AV_'_J;7--ll-._qL_.,_\/"
._,. _. .. _ • _) _ -, \/

_,._%_: - X ...... ""Wt'"/'<_ EQUIPMENT BAY 7-< .... /_....-"-i"z/J...._,,_,_ _f'\\ \

_X AFT EQUIPMENT STORAGE R,AY / -_:___._"l-J
LEFT-HAND EQUIPMENT BAY AFT COMPARTMENT/J-

\
AFT COMPARTMENT

NOTE:
CENTER COUCH REMOVED FOR CLARITY.

Figure I-3. Spacecraft 0!2 Command Module

SM-2 t,-6d 2 F

4

:4
SPACEC]JtAFT 01Z CONFIGURATION

M[ssion Basic Date 12 Nov 1966 Change Date Page

!-5



/:ii

:::f_

>7

SMZA-03-SC0 IZ

Y
APOLLO OPERATIONS HAND_._OOK

GENERAL Ii'_ FORMATION

i!iii:iill

i iiiiii!

1.1.2.1

1.1.2.2

1.1.2.3

1.1,g,4

]_'orward Compartment.

The forward compartment (figure 1-3) is the area outsidie the forward

access tunnel, forward of the crew compart.,nent forward bulkhead and is

covered by the forward heat shield. Four 90-degree segments around the

perimeter of the tunnel contain the recovery equipment, two negative-pitch

reaction control system engines, and the forward heat shield release

mechanism. Most of the equipment in the forward compartment consists

of earth landing (recovery) system components.

The forward heat shield, or apex cover, is made of brazed stainless-

steel honeycomb and covered with ablative material, it contains four

recessed fittings which permit the launch escape tower to be attached to the

C/M inner structure. Jettison thrusters separate the apex cover from the

C/M after entry or after the launch escape assembly is separated during

an abort. (For additional information, refer to the sequential systems in

section Z. )

• Crew Compartment.

The crew compartment or inner structure (figure 1-3) is a sealed

cabin with pressurization maintained by the environmental control system

(_CS). The compartment, protected by a heat shield, contains controls and

displays for operation of the spacecraft and spacecraft systems; contains

mechanical adjustments for the crew couches, restraint harness assem..

blies, hatch covers, window shades, etc.; and is provided with crew

equipment, food and water, waste management provisions, survival equip-

merit, and scientific experiments equipment. Access ha_c1_es, obse__.vatio_

windows, and equipment bays are attached as part of the compartment structure.

The crew compartment heat shield, like the apex cover, is made of

brazed stainless-steel honeycomb and covered with ablative mater_al. This

heat shield, or outer structure, contains the S/C umbilical connector outlet,

ablative plugs, and a copper heat sink for the optical sighting ports in the

lower equipment bay, two side observation windows, two forward viewiz,_g

windows, and the outer cover for the side access hatch which also con.rains

an observation window.

S/C Controls and Displays.

Information relating to controls and displays for operation of the

spacecraft and its systems is provided in section 3.

C/M Mechanical Controls.

Mechanical controls (figure 1-4) are provided in the crew compart-

ment for manual operation of the crew couch assembly, side access hatch

covers, forward access hatch cover, and manual override levers for the
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VIEW
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ATTENUATION
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RUSHABLE CORE
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ROD END

RELIEF VALVE AND I
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VIEW
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FAS'[ENER
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Figure 1-4, CIM Mechanical Controls (Sheet i of 3)
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Figure I-4. C/M Mechanical Controls (Sheet 3 of 3)
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ECS cabin pressure regulator. Tools for opening or securing the hatch

covers are in the stowage area under the work table in the lower equipment

bay; the tools are components of the in-flight tool kit.

Crew Couch Controls.

Crew couch manual controls for each headrest, armrest, and seat pan

assembly are provided for individual, crew comfort. The crew couch

assembly can also be manually adjusted for crew positioning during simu-

lated dockh_g maneuvers, crew convenience in getting in and out of the

couches, and crew access to all equipment bays in the C/_X/[. (For additional

information, refer to crew couch assembly in section 6.)

Couch Attenuation Struts.

attenuation struts are provided for connecting the crew couches

Eight " eI-5.) Each strut is capable oftO the C/M inner structure. (See flgUrre t tl_rough crushable aluminum
absorbing energy at a predetermine

+X

X-X
FOOT STRUTS

+Y

/ 4ATCH

HEAl)
RUTS

-Z

-Z STRUTS

y-y STRUTS_

-X

BEARING PLATE
ST-625A {,+ }

1_igUre 1-5. Internal Attenuation System

D

N

B

:_ SPACECRAFT 01Z CONFIGUIZATION

• _ _,,.o Change Date , l-]0 [({ L.:>_:o,." Basic [)ate 1Z Nov ]°_'_" Page



l__,
Li:_

.'5",,i,::, - 03 - .)k_ %n

APOLLO OPFgR_ATIONS i-IA_NDBOOK

GENEtiA L INEOIt:,L-\ TION

.j
4
v

t

J

::1 !_l

;'J

]

1

i
....... _,_

1.1.2.4.4

honeyco,-nb cores conlained within the strut cylinders. In effect, the strut

pisto,_ action during C/NI in, pact absorbs energy that the crew is not capable ,

of absorbing.

Two Y-Y axis struts are located at the outer extremities of the couch

assembly at the hip beam. The cylinder end of eack strut is firmly attached
to the unitized couch while the piston end, containin_ a flat circular foot,

reacts against a flat bearing plate (attenuation panel) attached to the structure.

Two Z-Z axis struts are attached to the main couch bean, s under the"

unitized backrest and the aft bulkhead of the structure, just below the side

access hatch. In addition to the crushable cores within the struts, friction'

brake snubbers are provided on the end of the pistons for additional breaki_{g

action. D_.ring a con-_pression stroke or initial tension load, these friction

brakes act in conjunction with the inner pistons which simultaneousi',- crush

the cylinder inner cores. Additional tension loads are absorbed by a conch]-
nation of the outer and inner friction mechanis'ms which continue the

crushing action of the cylinder cores.

Four X-X axis struts are attached to the forward C/M structure and

the beam extremities of the couch. These struts, except for the addition

of lockout mechanisms, are basically the ._san_e as the Z-Z axis struts. A

lockout mechanism, is provided on each strut to prevent any strut attenu-

ation prior to impact (during .normal ,:nission flight loads). Upon i'r_pact

the honeycomb core will be crushed, allowing the piston rod to stroke.

Crew Access Hatch Covers.

The C/M crew access hatch is provided with three covers (inner,

outer, and boost) and the necessary latching mechanisms for securing 'the

covers to the C/M. (See figure 1-4.) Latches for these covers can be

manually operated from either side of Cite hatch by a removable handcraqk

or torque wrench','ith a 7/i6-inch drive. The inner cover is equipped with

a sealed drive, a rack-drive bar, and six latches which engage fittings on

the C/M inner structure (to pre!oad the hatch for sealing). The outer cover

is equipped with beilcranks, rollers, and push-pull rods, an overcenter
lock, and 22 latches which engage fittings on the C/M outer structure. An

ablative screw-in plug is used to protect the outer driver shaft in the outer

hatch cover. This plug must be removedbefore a handcran_ can be inserted
into the drive shaft from outside the C/M. An emergency latch re_ease is

also provided for the outer hatch cover, but can only be operated by person-

nel outside the C/M during recovery procedures. The boost hatch cover is ,

also equipped with :nechanical components (including Z2 latches) for instal]lug
it flush with the boost protective cover. This hatch cover makes it possible

for the crew to get in and out of the S/C during prelaunch operations. A

ground support tool (Gi5-824105 handle) is used to remove (pull) the boost
cover from the outside the C/M. A plunger on the inside of the o<tter hatch

engages a latch drive push-plate to release the boost hatch cover frown
inside the C/M.

]-_orward Access Hatch Cover

The C/-M forward access hatch is provided with a cover that can be

operated fron_ either the inside or outside the crew compartment. (,¢;:_!side

operation is possible only after the launch escape system, boost protective
cover, a_d forward heat shield have been jettisoned. (See fig_re t-4.) A

breech-lock ',nethod is used to engage and rocate the cover in the forward

end of the tunnel ring. The internal pressure of the C/M will assist to

seal the hatch, cover by forcing it against its seat. A jackscrew (with a hex

SPACECRAFT 0 1Z CO.NFIGUIZATION
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socket at one end) is mounted on the cover and will bear against a bracket

on the tunnel wall. \Vhen turned by a handcrank or torque wrench with a

5/32-inch drive, the jackscrew will intend and allow the cover to be rotated

and removed. The cover is rotated by use of the inside handholds or the

outside by an item of GSE and can only be retrieved fronq within the crew

compartment end of the tunnel.

\Vindows and Shades.

Five windows are provided through the inner structure and heat shield

of the C/M: two forward viewing, two side observation, and the crew access

hatch windows. (See figure i-3.) During orbital flight, photographs of

external objects will be taken through the viewing and observation windows.

The inner windows (including the circular inner hatch window) are made of

ten_pered silica glass with 0. ZS-inch-thick double panes, separated by 0. i

inch of space, and have a softening temperature point of 2000°F. The outer

windows (including the square outer hatch window) are made of amorphous

fused silicon with a single 0. 7-inch-thick pane. Each pane contai,s an

antireflecting coating on the external surface, and has blue-red reflective

coating on the inner surface for filtering out most infrared and all ultraviolet

rays, a softening ternp'erature point of 2800°F, and a melting point of 31]0°F.

Shades are provided for controlling external light entering the C/M

through the triangular forward viewing windows, the square side observation

windows, and the circular inner hatch window. These shades, individually

designed for each window configuration, are made of n_ylar film which has

been heat-treated to roll up when not held flat. The shades are opaque for

zero light transmittal, have a nonrefiective inner aluminized surface, two

snap fasteners and fabric handles for attaching or removing from a partic-

ular window, and a 3/4-inch strip of Velcro hook material around the outer

surface for holding the shade against the Velcro p_le around the perimeter of

the window. If desired, a shade can be peeled back from the Velcro pile

material and stowed in place on one side of the window.

Cabin Pressure Controls.

Two control levers for manually operating the ECS cabin pressure

relief valves are located near the C/M left couch and left side window. (See

figure I-4.) These levers are provided as a mechanical override for open-

ing and closing the redundant sides of the automatic cabin pressure regulator.

(For additional information, refer to the environmental control system in

section 2.)

Crew Equipment and Ecj_ipment Bays.

Each crewmember has personal and accessory equipment provided for

his use in the crew compartment. Major items of personal equipn_ent con-

sist of a pressure garment assembly (PGA) with attaching hose and

umbilical, a communications assembly, a constant-wear garment, bio-

medical sensors, and radiation dosi_-neters. Major items of accessory

equiprnent shared by the crew consist of an in-flight tool set and a n_edical

kit. {For a detailed list of crew equipment, refer to section 6.) (Specific

items contained in the C/Mequip_-mentand storage bays are listed in figure 1-6.)

i
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RD EQUI PMENT BAY (RHFEB)AND RIGHT-HAND EQUIPMENT BAY (RHEB)

merit (ref)

(,_f)

17 Crew alienation st_t (X-X cxls)

18 Crew ettenuatlon sI_I (Z-Z axis)

19 IVnose correcting capacitor fuse box

20 Comportments T, S and Z (ref)

21 Circuit ir, ter_pter

22 I_ight crew _uch ' "

23 Crew attenuation slrut (Y~y axls)

24 Side shock attenuotion panels

25 Waste storage h,let (on bulkhead)

26 Stowed fecal canister (ref)

27 S_nitotlo_ supply slowag_

28 Scientific equipment _m_rtment E

29 Boiler,/ charger (ref)

AFt EQUIPMENT STOWAGEBAY (AESB)

I Battery charg_ r

2 CO2 absorber contalne_

3 Pyre patlelles csnd circuit bm_er panel

4 Fecal cunlster (st_w_d)

5 IV Icr_ _tom_e •

6 CO 2 absorber containers (4)

7 Pen lights _mpadment Z

8 CO 2 _bsorber containers (6)

9 Compartment y

l0 Compartment T

11 Compartment S

12 PGA and deep restraint stowage bag

13 Crew acces_ hatch (ref)

14 PGA helmet, _o,nm _fl _t, light wt h_ds_t stowage

15 Bolkh_ wlmways t_yplcal)

16 S_cesait (2), life vest (3), sleeping estraint (1) _towog_ bo_

17 Aisl_v_y lander ce,,l_r c_cbf

18 Fe_l _nlster _ge 0bsi_ionl
19 Electrical invo_ers

20 AC power _ox

21 Sl_cecraft stom_o bo_t_rle$

Figure l-6. C/M Ecluip:ne_t and Stowage Bays
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_w attenuation :t_t (X-X ox_s)

_thing stature c_li'_rlment

_rt_al measurement unit (re 0

_t c_w c_ch (attenuated)

ygen control panel

dlcal kit (left couch)

e shock ottenuo_an _nels (remo_Gble)

.cesul st row_ge bog _nd _oentific equipment stowage (_ef)

valv_

oxygen, water, and glycol equipment

i1i:/_

LGTI'ER EQUI i';AE_T BAY _L[B_

I ECS ¢_ponenls (re_)

2 Spocesult s_owage bog and sc_entiflc equipment stowage (r_t)

3 Gas ¢hr_ologmph

4 Fl_ght qualification tape recorder

5 Scientific equipment _mpartmen$ A

6 Display/attitude gy_o_ccele_eter (ECA)

7 Food slang e (S containers)

B Attitude gyro aF_d occeler_eter

9 Rate gy_

10 Coupling and dlsp[ey pone]

1] Sr pilot suit connec_or panel and electrical connector (ref)

12 Cobln olr _eclreulati_ fan 0el)

13 IMU control par,el

14 Lighting control

15 Fo_ord access belch cove_ (ref)

16 P_tlanding ECS air _llet ducl

17 P_tlaoding _CS power cable

18 Fo_ard access hatch (ref)

19 Sextant telescope eyepiece stowage

20 Sextant and lelescope panel

21 C_puter d_splay and conlrol Pa_l

22 G&N control panel IMU

23 Su_ival p_ovisions (ref)

24 Clinical monitoring insteumeat set comportment

25 Power se_a _sser.bly (PSA)

26 Data storage eaui_nen_

27 Towel storage

28 Signal _ndit[onlng equipment

29 VHF mulllglexer

3O Data wiring

31 Fremodulollon processor

32 VHF recovery beacon and VHF-AM tmnsmille_receiver

33 Audio center

34 Central tlndng

35 TV epti_ stomata (ref)

36 Pulse-codemoddlatioa (PCM) unit 2 telemark/equlpr_ent

37 VHF'FMtransmltterandHFtzanscelver

38 pu]se-code modulation (PCM) unit I toiletry equil>ment

39 Sclentiflc equip'neat compartment C

40 S-band power amplifier

4l C-band l_nspooder

42 CO 2 absorber container (ref)

43 Food and work labia (in-flight t_l set)

44 Digital up-data link

45 Unified S-band equlp_nent

46 Fecal ¢onlsle_ _oosltl_ed)

47 ScienlH'ic equipmeat _mpa_tment B "

48 Roll channel ECA

49 Data Package container (also on _tbeard couch beanB)

50 G&N c_puler

51 PHch channel _CA

52 Auxiliary ECA
53 Yaw chapel ECA

,,, olh- ...... f

1 CO2 absorber ccatain_

2 Waste management $}'s

3 C_nputer

4 Vacuum cleaner c_i:'.

5 IMU compartme_l (retl
6 h_dlcal occessori_ kl

7 Sex_ont arid telescop_

g Food slowage

9 Su_ival pr_isi_

10 RCS pilch c_t_l eng_

11 _V camera m_nt

12 Side console pene!s /ri

13 Rendezv_s w_ndow h_

14 In_er hatch coves

15 Side wlodo_

16 Outer hatch cover
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I Oplles shrou_
2 LEB li_htln_ cont_l p_ne]¸
3 Fo:xJ reco_tltutlon dcvlce

4 P_tl_ndl.g ECS ai_ outlet duel
5 Fo_d access botch cover

6 _s)io_din_ £CS air inlet d_ct

7 Wate_ deliver y valw

8 Water dellvery unit

9 Main dlsploy console (MDC p,inels
I through 26)

I0 Clew _ccess hatch actuator
(inn*r cove))

11 Crew occes_ hotel, inner window

12 Po_ord vle_llng o! _er4ezvous
wlnd6w (2 places)

13 Side window (2 places)
14 TV comera (launch _nd entry)
15 Su_ivol provislons

16 TV c_,,,_ro n_unt (optlonai)
17 Meosuremen_ sy_em inst_men)atlon
18 Apollo guldance c_pu)er novlgotlo_al

display keyboard

@

÷x

-z--
./

I c>,t,,_,_(y % :. , it!!..:..

LEFT-HAND FOR!/7ARD EQUI PhlENT BAY ,L?!;E:

I Inner hotch co,er
2 Outer hatch cover
3 Sid_ wlr.dow

4 Rendezv_s wlr_Jowho_si_

5 Side co_ole panei: (_fi)
6 l_in dlsptoy co_ole {tel)
7 Cc.md) _t _nnector p_n¢l ond ele:t,iecl c_nn_c'c:
8 Sr p_lot_u_t ccnneclor _,-el _d eIecl&_l c_ne_rc,_

9 Pilot suit ¢on_ec)ol o_nel e;_l&_l _ec_or
IO Scientific equipment co_rrmer t o
I ] Cabi_ olr reclrcutatlon f_:,
]2 Fo_ard occe_ botch or egre_s tunnel {r_f_

13 Pe_tlcndlng ECS air inlet _uct (extetd _)
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Food and Water.

Food and water provisions, including water delivery and food prepara-

tion equipment, are available in the crew compartment LHEB and LEB_

(figure i-6) for the length of the mission. Food may be prepared _,

by adding water to plastic bags containing the dehydrated food and kneading

the mixture. Prepared food can be squeezed directly into the mouth, of an

astronaut. Hot or cold water is available at the potable water supply panel

for food reconstitution. Chilled drinking water is supplied to the crew throug,h

a flexible hose from the water delivery unit. The potable water is a

by-product of the f2PS fuel ceils,

' \Vaste Management.

Waste rnanagemen1 provisions in the crew compartment RtlFEB and

AESB (figure 1-6) consist of equipment for collecting, sterilizing, and

storing human feeaI matter and personal hygiene wastes (such as used

cleansing pads, towels, etc.). Fecal matter and personal, hygiene wastes

are collected in polyethylene bags, disinfected, and stored in a vented area.

Urine is expelled overboard into space,

Survival Equipment.

The survival kits stowed in the crew compartmentRHFEB (figure 11-6)

are available for the postlanding phase of the mission (land or water). The

nnajor items contained in each kit include 6 pounds of water, a desa]ter !dr,

a one-man life raft, radio transceiver, portable light, sunglasses, and a

machete. Life vests worn by the crew during lift-off and entry are stowed

inthe space suit stowage bag during the orbit phase of the mission, (See

figure 1-6.)

Aft Compartment.

The aft compartment (figure 1-3) is the area encompassed by the aft

portion of the crew compartment heat shield, aft heat shield, and aft portion

of the primary structure. This compartment contains 10 reaction control

engines, an impact attenuation structure, instrumentation, and storage tanks

for water, fuel, oxidizer, and gaseous helium. (Four crushable ribs, along

the S/C -Z axis, are provided as part of the impact attenuation structure to

absorb energy during a land impact. )

The aft heat shield, which encloses the large end of the C/M, is a

shallow spherically contoured assembly. It is made of the same type of

ma£erials as other C/M heat shields. I-_owever, the ablative material on

this heat shield has a greater thickness for the dissipation of heat during

entry. External provisions are made on this heat shield for connecting the

C/M to the S/hi.
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SERVICE MODULE.

The S/M is a cylindrical structure formed by l-inch-thick aluminum

honeycomb panels. Radial beams, from milled aluminum alloy plates,

separate the structure interior into six unequal sectors around a circular

center section. (See figure i-7. ) Equipment contained within the service

module is accessible through maintenance doors located strategically around

the exterior surface of the module. Specific items, such as flight control

system (SPS and RCS) and most of the S/C on-board consumables (and

storage tanks) contained in the S/M compartments, are listed in figure i-7.

Radial beam trusses on the forward portion of the S/M structure

(figure i-7) provide a means for securing the C/M to the S/M. Alternate

beams, one, three, arid five, have compression pads for supporting the C/M.

Beams two, four, and six, have shear-compression pads, and tension ties.

A fiat center section in each tension tie incorporates redundant explosive

charges for S/M-C/M separation. These beams and. separation devices are

enclosed within a fairing (Z6 inches high and 13 feet in diameter) betv.,een the

C/M and S/M.

SPACECRAFT LEM ADAPTER.

The spacecraft LEM adapter (SLA) is a truncated cone which connects

the CSM to the S-IVY3 instrument unit on the launch vehicle. (See figure I--I. )

This adapter, constructed of eight Z-inch-thick aluminum panels, is 154inches

in diameter at the forward end (C/M interf-_ce) arid Z60 inches at the aft end.

Separation of the spacecraft from the SEA is accomplished by means of

explosive charges which permit the four SLA forward pa{_els (above

station 583. 3) to disengage from the CSM and rotate outward 45 degrees from

vertical. The four aft panels remain attached to the S-IV]3 instrument unit.

For mission Z04A_ a cross-shaped stiffen(r is installed within the SLA in

place of a LEM. The S/M SPS nozzle extends into the SILA which also houses

an umbilical cable for connecting cb:c'.its b-t_._een the launch vehicle and the

spacecraft.

SPACECRAFT SYSTEMS.

Data relating to the operational spacecraft systems and interface

information are presented in section g of this handbook.

LAUNCH VEHICLE CONFIGURATION.

A two-stage Saturn IB launch vehicle, consisting of an S-I]3 booster and

an S-IVB second stage, is scheduled to provide the required thrust for

inserting S/C 01Z into orbit (figure i-8.) An instrumentation unit, located

between the S-IV].% and the SEA, controls each of the two boost stages during

flight. The total length of the Saturn IB launch vehicle, including the space.-

craft, is approximately 224 feet. An emergency detection system sequencer

display panel, in the C/M, enables the crew tomonitorlaunchvehicleengine

performance during lift-off. (Refer to the sequential systems in section 2.)

:i SI--_,CECR±_FT 012 CONFIGURATION---LAUNCH VEHICLE CONFIGURATION

..... _:_,)n ..... Basic Da_e 12 No_, 1966 C},_ e Date Page 1-16



#ii
-7

SMZA-03-SC01Z

APOI_LO OPERATIOI_S I-IANDBOOK

GENERAL INFORIViATiON

RADIAL. BEAM TRUSS

(6

ECS SPACE

Sector 1

SPS HELIUM TANKS

FUEL TANK

IDIZER TANK

TANK

SECTOR 1

(RE F)

_!_RCS PACKAGE

If: _ (4 PLACES)

H 2 "fAN K

EPS SPACE RADIATQR

+z
/

C/M sedors (top view)

1 and 4 are 50-degree sectors

2 and 5 are 70-degree sectors

3 and 6 are 60-degree suclors

SERVICE MODULE ITEMS

SM JETTISON

CONTROL

SM JETTISON .

ER

SEQUENCER (2),

SUPPLY

TANKS (2)

EPS SPACE

RADIATOR

"HELIUM

SERV!CING

PANEL

FUEL CELL

POWER PLANTS

VIEW@
SECTOR 4

(SKIN PARTIALLY REMOVED

FOR CLARITY)

t_

_ili

!i1

Electrical power system space radiator

Super-critical oxygen tank (two)

Super-critical hydrogen tank (two)

Sector 2

Enviromnental control system space radiator

Service propulsion system oxidizer tank

Reaction control system package (+Y-axis)

Space radiator isolation valve (two)

Sector 3

Service propulsion system fuel tank

Reaction control system package (+Z-axis)

Service propulsion syste_n helium tanks (t-_vo)

Sector 4

Electrical power system space radia'tor

Fuel cell power plant (three)

H_lium servicing panel

Reaction control system control unit

Electrical power system power control relay box

Service module jettison control battery (two)

Service module jettison controller sequencer {two)

Water supply tank (two)

Sector 5

Environmental control system space radiator

Service propulsion system oxidizer tank

Reaction control' system package (-Y axis)

Sector 6

Space radiator selection valve, (two)

Glycol shutoff valves (two)

Reaction control system package (-Z axis)

Service propulsion system fuel tank

Center section

Service propulsion system helium tank (two)

Service propulsion system engine

Figure 1-7. Spacecraft 012 Service Module

SM-2A-643 E

SPACECRAFT 012 CONFIGURATION

Basic Date 12 Nov !966 Change Date



))

SMZA-03-SG0 ]

APOLLO OPERATIONS I-IATqDi]OOK

G_EN ER_.A L, INFOI<MATI_ON

L

;!

#
L

1!

'/t

L_

:]

,?
;i

<i

;i
i

i!
J

:1

i

:!
'i

il

.t

i

224'

J/--I i[ _' ADAPFF_.R

_L'._ ,_L .... 1 ,_.J. INSTRUt_Pff_-NF

I
I.V

['_......1_

f 4

"r (

I

r-_i-lY
[_ 1] [!i

UNll"

IS-IVB

SIAGE

_._ S--I STAGE

Figure I-8. Apollo Launch Vehicle (Satt_rn IB)

sr-4 {,+ ;

[

[

[
[
[,

[

[

[
[
[

g

[

[:

[

[
t:.

[

LAUNCH V]EHICLI; CONFIGURATION

:_ 1-18

i ,",1i s,< ton Basic I'_a*_ ]Z Nov ]966 "" ' ................. I• :, ' ,_ a,.ge Date ..................... Page

I

, [



SM2A-03-SC012

APOLLO OPERATIONS t4-ANDBOOK

GEN x.RA._, h,_ OK.,,I..T.O*.

:{

<:¸ill

!i:i_i

<i

i _ !_I

iil/_
:ilļ9
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1.3

1.4

S-IB BOOSTER,

The S-IB booster (first stage) for Saturn IB is manufactured by the

Chrysler Corporation. This booster is 257 inches in diamater, 82 feet, in

length, and is powered by eight Rocketdyne H-l engines. Each engine,

burning RP-i and liquid oxygen, produces 200,000 pounds of thrust for a

total stage thrust over l, 600,000 pounds.

S-IVB SECOND STAGE.

The S-IVB second stage for Saturn IB is manufactured by the Douglas

Aircraft Company. This stage is 260 inches in diameter, 58 feet in length,

and is powered by a single Rocketdyne J-2 engine. The engine, burning

liquid hydrogen and oxygen, produces a" stage thrust of approximately

Z00,000 pounds. During flight, the J-2 engine uses three different mixture

ratios, resulting in values of thrust ranging from 190,000 to 230,000 pounds.

MISSION 204A WEIGHT STATUS.

_'_ The NA<A-MSC is responsible for providing a

detailed weight status for Apollo mission 204A as

available in the MSC Reference Trajectory Document.

POSTLANDING AND RECOVERY.

Information relating to postlanding recovery aids is provided under

sequential systems in section 2, Postlanding ventilation for the crew is

supplied through two vent valves in the forward access hatch cover. (See

figure i-4.) A handpump and flexible hose, stored under the right crew

couch (figure ]-6), is used to obtain water from the sea for conversion to

potable water. (Refer to crew equipment in section 6.) An Apollo Recovery

Operations Handbook w-ill provide a detailed description of recovery equip-

ment and rescue procedures.

LAUNCH VEHICLE CONFIGURAFION---XiISS!ON 204A IVEIGHT STATUS---

POSTLANDING AND RECOVERY
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SECTION 2

SYSTEMS DATA

INTRODUCTION.

Systems data include description of operations, cornponent descrip-

tion and design data, operational limitations and restrictions, and telemetry

1-neasurements. Subsection 2. l describes the overall spacecraft navigation,

guidance, and control requirements and the resultant systems interface.

Subsections 2. 2 through 2. lO present data grouped b_F spacecraft systems,

arranged in the followi_:g order: guidance and navigation, stabilizatiou and

control, service propulsion, reaction control, electrical power, environ-

mental control, te]eco_-n_unications, sequential, and cautions and warnings.

Subsection 2. ii dea]s v.ith miscellaneous systems data.

:_:i!_ [_"'_ Mission Basic Date 1Z Nov 1966 Chan[e Date Page 2-1/Z._
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SECTION 2

SUBSECTION Z. i

GUIDANCE AND CONTROL

SYSTEMS INTERFACE GUIDANCE AND CONTROL.

Apollo CSM atmospheric and space flight is achieved by appl_cation of

controlled translation forces and rotational force moments. Guidance and

control initiates and terminates d_e thrust and rotational forces and force

moments as a function of the magn-'_tude of the change required. Guidapce

and control provides the following basic functions:

Attitude Control

o Guidance

Navigation

Attitude control is a function assoc.{ated with spacecraft orientation

with respect to an inertial reference or a known coordinate system.

Guidance is a function requiring a combination of attitude control with rate

stabilization and stccring commands for the purpose'of rnod_fyiag space-

craft trajectory via major velocity changes. Navigation determines

spacecraft position and velocity, and predicts future position.

To accomplish mission requirements, the. guidance a..ndnavigation,

stabilization and control, service propulsion, and reaction control systems,

plus the astronauts, are integrated into an automatic/manual closed loop

control system.

Guidance and control activity is grouped into three profiles of flight:

coasting, powered, and atmospheric. The primary control loops involved

are illustrated in figures 2. 1-1 through 2. 1-4. Figure 2. 1-1 is an

abbreviated integration of all major equipments necessary to accomplish

the activitie_ in all three flight profiles. Figures 2. 1-2 through 2. 1-4

divide the equipment into the proper perspective for each profile.

It must me noted that in figure 2. l-l, the loops are closed that

represent coasting flight (CF) functions. For pov,'ered flight (PF) or

atmospheric flight (AF), open the coasting flight loops and close contacts

representing the desired loops.

COASTING FLIGHT

The guidance and control activities involved in coasting flight are

accomplished through the basic functional loops shown in figure 2. 1-2.

GUIDANCE AND CONTROL

':.__ li'-_ Mission Basic Date t2 Nov 19o6 Chauge D-at,_,_ ..... Page g. 1
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These loops provide attitude reference, attitude control, attitude hold, and

automatic and manual maneuver capabilities necessary to accomplish the

several tasks involved during coasting flight. They are also the central

reference and control loops required for all phases of flight.

A reference attitude frame is established by the G&N inertial meas-

urement unit (IMU), and/or by the SCS body-mounted attitude gyros

(BMAGs), and attitude gyro coupling unit (AGCU). Inertial sensors sense

S/C motion contrary to the reference frame. The sensed attitude errors

and rates are conditioned through servo electronics and logic to initiate

countermotions via the reaction jet control (RCS) which nullifies the original

motion. The AGC inserts automatic control and maneuver commands into

the loop. The rotation, translation, and attitude impulse controls insert

manual conqmands into the loop. The flight director attitude indicator

{FDAI) is the S/C attitude visual display.

POWERED FLIGHT.

Powered flight is considered that which will use the S/M service

propulsion system (SP.S) engine to initiate a major velocity change.

Figure Z. 1-3 illustrates those basic loops necessary for the tasks invo].ved.

As shown, the loops are an extension of those required for coasting flight.

Added, are the (SPS) engine on-off thrust logic and the SPS gimbat control

loops. In coasting flight, all attitude control is through the RCS. Powered

flight, by the SPS engine, requires roll control through the RCS, and pitch

and yaw contro] by gimbaling the SPS engine nozzle. Primary control of

thrusting is by the AGC. However, figure Z. 1-3 shows how various manual

controls can be used instead of or to backup automatic functions.

ATMOSPHERIC FLIGHT

Atmospheric flight is encountered during the entry phase of the

mission at which time the S/C experiences aerodynamic forces.

Figure Z. i-4 illustrates the basic loops required for control of the S/C

during this phase. The central loop is identical to that in figure Z. I-2.

The main difference is that service module/command n_.odule (S/M-C/M)

separation has taken p]ace, and the command module RCS system is used.

Another difference is that the aerodynamic forces will stabilize the C/M in

pitch and yaw, and the entry g-level (liftrecto-" control) will increase or

decrease through roll control. Primary control is automatic, with manual

rotation control available, in event Of automatic control malfunctions.

For detailed operation of the several loops involved in guidance and

control, refer to the descriptions of the guidance and navigation system,

subsection 2. 2, and the stabilization and control system, subsection Z. 3.

GUIDANCE AND CONTROL
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SECTION Z

SUBSECTION Z. Z

GUIDANCE AND NAVIGATION SYSTEM (G&N)

INTRODUCTION. , ,

The guidance and navigation (G&N) system measures spacecraft

attitude and velocity, determines trajectory, controls spacecraft attitude,

controls the, thrust vector of the service propulsion engine, and provides

abort inforn:ation and display data. Primary determination of the spacecraft

velocity and position, and computation of the trajectory parameters is

accomplished by the manned space flight network (MSFN).

The G&N systen: consists of three subsystems as follows:

G Inertial subsystem (ISS)

Computer subsystem (CSS)

• Optics s'ubsystem (OSS)

The inertial subsystem is con:posed of an inertial n'masurernent unit

(IMU), part of the power and servo assembly (PSA), part of the controls and

displays, and three inertial coupling display units (CI)Us). The IMU provides

an inertial reference with a gimbaled, three-degree-of-freedoln, gyro

stabilized stable'platform.

The computer subsystero, is composed of an Apo]!o g_._idance co_:pufer

(AGC), and two display and keyboard panels (DSKYs), which are part of the

controts and displays. The AGC is a digital computer which processes and

controls information to and from the IbfU and optics, and stores programs

and reference data.

The optics subsystem is composed of a scanning telescope (SCT), a

sextant (SXT), drive motors for positioning the SCT and SXT, parts of the

PSA, part of the controls and displays, and two optics CD'Us. The SCT and

SXT are used to determine the spacecraft position and attitude with relation

to stars and/or landmarks.

The three G&N subsystems are configured such that the CSS and OSS

may be operated independently. This allows continued use of the CSS and/or

OSS in the event of a malfunction in one of these subsystems or the ISS.

System power requirements and reference signals are provided by the poveer

and servo assembly (PSA). Major components of the syste:;q are located in

the command module lower equipment bay (figure Zo Z-l). Systenq circuit

breakers, caution and warning indicators, and one of the DSKYs are located

on the main display console.

FUNCTIONAL DESCRIPTION.

The guidance and navigation system provides capabilities for the

following:

• Inertial velocity and position (state vector) computation

o Optical and inertial navigation measure:nents

GUIDANCE AND NA'VIGATiON SYSTEM
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e Spacecraft attitude measurement and control

• Generation of guidance commands during CS.kl-powered flight and

C/.KI atmospheric entry.

The G&.N system is initially activated and aligned clurin_ the prelaunch

phase. During the ascent phase, the system _h]easures velocit\ and attitude,

computes position, compares the actual spacecraft trajectory with a pre-

determined trajectory, and displays pertinent data. The flight crew uses

the disp!a)-ed information as an aid for decision to abort or continue the

mission. However, spacecraft control is maintained b\ the S-IVB guidance

until CS.NI/S-IVI5 separation, Upon separation, the G&_X- s\-stem assumes the

guidance aI_d ,navigation functions using the data acquired during ascent.

During; periods when onboard velocity and/or ,attitude change sensing

is not required, the iN.IU is placed in standby operation to conserve eloctrica!

power, The _-kG(} is used more exrensivel.y than the I_XIL-; however, it will

also be p_aced in standby operation to conserve electrical power. When the

guidance and navigation function is to be restored, the i_X_U and AGC are

reactivated, with the :\GC using the last co_rlputed ve!oeitv as the basis for

further velocity computations. INew positional data must be acquired from.

optical, sightings or MSFiN through telen_etry or voice communications.

Initial position and attitude informa.tiqn as well as periodic updating of

this information is made through use of the optics. This is accomplished

by the navigator making two or n-lore landmark and/or star sightings. The

sightings are made by acquiring the star-landmark with the SCT and/or SXT.

When the viewed object is centered, a :harP. command is initiated. The --\GO

reads the optics angles, !.%IU angles, and t_me, in conjunction with internal

pro£rams to determine the spacecraft position. This position information

and the spacecraft velocity are used to compute an estimated trajectory.

The actual trajectory is compared with previous t_'ajector 5 data to generate

the trajectory error, if any, for further reference. Optical measurerr, ents

are also used in aligning the [XiU to a specific reference orientation•

The IMU (figure Z. Z-Z) contains three inertial rate integrating gyros

(llff.IOs), three angular differentiating accelerometers (ADAs), and three

pulsed integrating pendulous accelerometers (P!P:\s). The TRIOs, PIP_ks,

and one ADA are mounted on the stable platform which is gimbaled to pro-

vide three degrees of freedom. The two remaining :\D:'_s are mounted on

the middle ginnbai. The stable platform inertial reference is maintained 15y

the IRIGs and ._i)As in conjunction with electronic stabilization loops. :\nv

displacement of the platform is sensed by the IRIOs which produce output

sig._als representative of the n_agnitude and direction of displacen_.ent. The

AD.,\s sense the displacement rate and produce output rate control signals

to maintain correct stabilization loop control response. The IRIG and .-\DA

signals are app)ied to servo amplifiers, which condition the signals to drive

gimbal torque motors. The gimbal torque motors then restore the i'nitia]

olatform orientation by driving the gimbals until the IIRIG signals are hulled.
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The PIPAs are orthogonally mounted and sense changes in spacecraft

velocity. An acceleration or deceleration results in output signals which

are representative of the magnitude anddirection of the velocity change.

The output signals are applied to the AGC which uses the information to

update spacecraft velocity data. Continual updating of velocity information,

with respect to the initial spacecraft position and trajectory, enables the

AGC to provide current velocity, position, and trajectory information.

The IMU also provides a space stabilized reference for spacecraft

attitude sensing and control. Attitude change sensing is accomplished by

monitoring the spacecraft attitude with reference to the stable platform.

Resolvers are mounted at the gimbal axes to provide signals representative

of the gimbal angles. Inertial CDUs contain resolvers which repeat the

platform attitude. Attitude monitoring is afforded by comparing d_e !.MU

resolver output signals with the CDU resolver signals. If the angles differ,

error signals are'generated and applied to the stabilization and control sys-

tem. If the attitude error is larger than the selected deadband limits, the

SCS fires the appropriate RCS engines. The spacecraft is rotated back to

the initial refererice attit1_de and the error signals are nulled (within

de adband limits).

The AGC provides automatic execution of computer programs, auto-

matic control of ISS and OSS modes, and, in conjunction with the DSKYs,

manual control of ISS and OSS modes and computer displays. The AGC

contains a two-part memory which consists of a large non-erasable section

and a smaller erasable section. Non-erasable memory contains mission

and systen a programs and other predetermined data which are wired in

during assembly. Data readout from this section is non-destructive and

cannot be changed during operation. The erasable section of memory pro-

vides for data storage, retrieval, and operations Upon measured data and

telemetered information. Data readout from this section is destructive,

permitting changes in stored data to be made as desired. Information

within the memory may be called up for display on the two DSKYs. The

DSKYs enable the flight crew to enter data or instructions into the AGC,

request display of data from AGC memory, and offer an interrupt control

of AGC operation. The AGC timing section provides timing signals of

various frequencies for internal use and to other onboard systems which

require accurate or synchronized timing. Data within the AGC is trans-

mitted to MSFN through a "downlink" telemetry function. Telemetered

data is transmitted as a function of an AGC program or by request from

MSFN. Data within the AGC may be updated through an "up!ink" telemetry

function controlled by MSFN. The AGC performs guidance functions by

executing internal programs using predetermined trajectory parameters,

attitude angles from the inertial CDUs, velocity changes from the PIPAs,

and commands from the DSKYs (crew) to generate control commands.

The navigation function is performed by using stored star-landmark data,

optics angles from the optics CDUs, and velocity changes from the PIPAs

in the execution of navigation programs.
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mounted on the IMU but illustrated

as _hown fol clarity.

SCANNING

TELESCOPE

AND SEXTANt

i
I

SHAF[ j

...... OPTICS

COUPLING

SHAFT DRIVE1 DISPLAY

_____. UNn

SHAETi
DRIVE

SIGNAL

I[ l'......OPTICS

H A h!D

CONTRO LLER

TRUNNION j

J DRIVE

TRUNNION _SIGNAL j

ANGLE _._ ......

--'--'I oPTiCSI- iI COUPLING I
I DISPLAY/

DRIVE SIGNAL

ATTrI-UDE

!MPUISE

CONTROL

"[HRUST COMMANDS

1"O REACTION

CONTROL SYSI'EM

SHAFT ANGLE S_GNALS

SHAFT DRIVE SIGNAL _""

UPI.II',IK DATA FROI,/_ MSFN

Ir
!

DISPLAY AND

MANUAl._ _._._ KEYBOARD
INPUTS

 2'o" _Lj
MANUAL

COM/'/,_ N D S '_,

MANUALIMODE SIGNALS

TRUi"_NION ANGLE SIGNALS

TRUNNION DRIVE SIGNALS

(+) AND (-) Y

,_ VELOCITY

(+) AND (-) X

&VELOCITY

(+) AND (-) Z

& VELOCITY
¢..

A?OLLO '

GUIDAI'qCE

COMPUTEI_

IMLI

t

(

(

IMU

I

i



H

VISUAL
SiGHIINGS
OF STA_S, _-
LANDMARKS
AN D I_Ok!ZOi_!



:9

2i

U SMfA-03-SC01 fi

APOLLO OPERATIONS HANDBOOI<

SYSTENIS DATA

The optics provide accurate star and landmark angular measure- <i:_i,:¸
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2.2.2.1

ments. Sightings are accomplished by the navigator using the SXT and

SCT. The optics are positioned by drive motors commanded by the optics

hand controller or manually using a universal tool, as desired. The,shaft

axes are para].lel, Trunnion axes may be operated in parallel or offset,

as desired. The SCT is a unity power instrument providing an approxi-

mate b0-degree field of view. It is used to make landmark sightings and

to acquire and center stars or landmarks prior to SXT use. The SXT

provides 28-power magnification with a 1.8-degree field of view. The

SXT has two lines of sight, enabling it to measure the included angle

between two objects. This requires two lines of sight which enable the

two viewed _,bjects to be superimposed. For a star-landmark sighting,

the landmark line of sight is centered.along the SXT shaft axis. The star

image is moved toward the landmark by rotating the shaft and trunnion

axes until the two viewed objects are superimposed. The shaft and

trunnion angles are repeated by the optic CDUs. When the navigator is

satisfied with image positions, he issues a mark command to the AGC.

The AGC reads the optics CDU angles, IbiU CDU angles, and til,-ne, and

computes the position of the spacecraft. The AGC ba'_tes the computation

on stored star and landmark data which n_ay also be used b'f the AGC to

request specific stars or landmarks for navigationa! sightings. Two or

more sightings, on two or more different stars, must be taken to perform

a complete position determination.

Operational Modes.

]'he G&N system is operated in six basic operational modes.

Selection of any one mode is accon-_plished manually by the flight crew or

automatically by the AGC. The basic modes are as follows:

o Monitor (initiated by SCS mode selection)

o Zero encode

o Coarse align

o Fine align

® Attitude control

e Entry

Ti_e system configuration necessary to operate in any of the modes is

established by relay switching.

The monitor mode is used at launch, ascent, and during orbit until

CSM/S-IVB separation, to provide flight path data for crew displays. The

coarse align, fine align, and zero encode modes are used to

align the IMU after standby periods or to acquire a new stable platform

orientation. The attitude control mode provides for spacecraft attitude

control and navigation computations to measure position and velocity. T.he

entry mode provides control of the spacecraft lift vector during entry

phase.

GUIDANCJ-I AND NAVIOATIOI< SYSTERI
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The ISS and CSS will be operated in on-etandby cycles to conserve

electrical power. During standby operation, the ISS maintains IMU temper-

ature, and the CSS maintains AGC timing functions. The OSS is shut off

when not in use. Since standby operation time varies for each of the

subsystems, standby is not considered as basic mode.

Monitor Mo'de.

During prelaunch operations, the G&N system is aligned to the desired

launch reference attitude and gyro compasses to m_intain this attitude.

Approximately 3 minutes prior to launch, the gyro compassing is stopped

and the system becomes inertially referenced. Upon lift-off the AGC begins

monitoring the flight path angles by driving the inertial Coupling Display

Units (ICDUs) threugh programmed attitude changes. The ICDU angles are

compared with the IMU gimbal angles to produce fligh t p_.th error signals

which are displayed by the FDA.I error needles. Total spacecraft attitude,

with respect to the IMU orientation, is displayed by the FDAI ball.

(Prelaunch FDAI readings are 164. 76-degree roll, 58.30-degree pitch, and

9.69-'degree yaw, with respect to the navigation axis symbol. Display at

orbit insertion is 0-degree roll, 310.5-degree pitch, and 0-degree yaw,

assuming a 180-degree roll has been performed and launch pad 37 is used.)

During boost prior to launch escape tower (LET) jettison, the AGC displays

the following:

REGISTER I - Inertial flight path a:_gle; inertial velocity with respect

to local horizontal ir. degrees.

REGISTER 2. - Inertial velocity in ft per sec.

REGISTER 3 - Altitude above launch pad in nautical miles (NMs).

Upon receipt of LET jettison signals the displays change to the following:

REGISTER 1 - Predicted Gs for free-fall and entry at 60-degree

bank angle.

REGISTER 2 - Altitude of perigee above the mean equatorial radius

in NMs.

REGISTER 3 - Time of free--fall to 300, 000 ft above mean equatorial

radius in minutes and seconds.

This displayed data provides the flight crew with sufficient information to

make abort or continue decisions; however, if time is not critical, the

decision is made by the flight crew and N,ISFN jointly.

GUIDANCE AND NAVIGATION SYSTk-;M
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Zero Encode _Xiode.

The zero encode mode enables correction of the CDU data stored in

AGC. This mode is used to ensure that the reference angles contained in

the CDU registers of the AGC correspond with the actual CDU angles. Tkis

is accomplished by driving the CDUs to zero, then clearing the AGC C DU

registers. This starts the AGC CDU registers at zero and enables the

registers to maintain correct CDU angles by counting pulses from d_.e CDU

digital encoders.

Coarse Align _Xlode.

The coarse align mode enables stable platform alignment to within

approximately 2 degrees of a desired platform orientation. Prerequisite

information to accomplish coarse alignment consists of the desired lJatfor:>

orientation and present spacecraft attitude.

The desired platform orientationangles are computed bv an align-

ment program executed by the AGC. The navigator detern".ines the space-

craft attitude immediately prior to coarse alignment b\ making two or

more sightings on stars or landmarks. Upon completion of the sightings,

the AGC reads the optic angles and co_-nputes the gimbal angles necessar.v

to attain the desired platform orientation. The AGC generates drive

signals to position the CDU resolvers to the required gimbal angles. The

I.NIU-CDU resolver error signals, generated by repositioning the CDUs,

are applied to the gimbal torque servo amps which drive the gimbai torque

motors to position the platform to the desired orientation.

The stable platform orientation will normally be such that the X-axis

lies along the spacecraft thrust vector during all powered phases, except

ascent, and along the spacecraft stability axis during entry..

Fine Align hlocle

The fine align nnode completes stable platforn_ orientation to the

required degree of accuracy. The navigator nnakes two or more star

sightings, using on-board data and the optics to acquire the desired stars.

Upon receipt of the optic angles the AGC computes ti_e !.XIU angles neces-

sary to complete the alignment. In the fine align mode, the iXU angles are

repeated by the inertial CDUs which are monitored by the AGC to determine

the actual I).IL- orientation. The AGC generates torquip.g signals to cancel

any error between the actual I.XIU orientation and the desired orientation.

These torquing pulses are applied to the IRIG torquino coils. The il_IOs in

conjunction with the s_ab_izatlo_, loops, reposition the stable platforn _, until

the desired or[entation is attained. Upon ccmpletion of fine alignment, the

I.XIU/CDU resolver signals and the stabilization loop signals are at nulb.

The s\stem configuration required for fine al_-n._ mode also apolies

I..N[U resolver signals to the SCS as apparent attitude error signals. To

prevent these sitlnals from appearing as actual spacecraft attitude errors,

the SCS must be operated in an SCS mode which rejects G&:N derived _i ,nals

GUIDANCE AND 7<AVIGATION SYSTEZI
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Z.Z.2.1.6

Attitude Control Mode.

The attitude control mode provides spacecraft attitude change sensing,

generates error signals for spacecraft attitude control, velocity change

signals for updating AGC velocity information, and signals for timing SPS

engine thrust termination commands.

During spacecraft attitude control, the IMU gimbal resolvers sense any

displacement of the spacecraft with respect to the stable platform orientation

and produce corresponding error signals. The error signals are applied

directly to the SCS-FDAI ball for error display and to the inertial CDU

resolvers. The INIU-CDU error signals are displayed on the IMU control

panel, resolved into spacecraft axes, and applied to the SCS. If the error

signals indicate an attitude error larger than the selected deadband,

appropriate RCS engines are fired and the desired spacecraft at-titude is

restored.

For delta V maneuvers, the G&N system provides attitude control,

velocity change sensin.g, and total velocity change control by generating

thrust termination commands. Prior to thrusting, the IMU is aligned so that

the stable platform X-axis is parallel to the thrust vector. The AGC deter-

mi;_es time-to-ignition and total velocity change desired, and performs mode

verification routines. At ignition time the AGC flashes the DSKY displays to

the crew for initiation of ignition (manual DSKY entry is required). DurSng

thrusting, the CDU alSplies attitude error sig,aals to the SCS. i%o11 error

signals are applied to the RCS engines; however, pitch and yaw error signals

are applied to _he SPS engine gimbals rather than ikCS engines. This

ensures alignment of the thrust vector through the spacecraft center-of-

gravit T and along the correct trajectory. The PIPAs on the stable platform

sense the velocity changes and apply proportional output signals to the AGC.

The AGC computes and updates spacecraft velocity, and counts down apreset

counter with the PIPA signals. When the counter reaches zero, a thrust

termination signal is generated and applied through the SCS electronics to

the SPS engine.

Entry.

The entry mode provides for generation of attitude error and steering

signals, sensing of deceleration, and computation of velocity changes during

the entry phase of the mission. The steering signals provide for control of

the spacecraft lift vector through the SCS, to inhibit excessive G-loadings

and heat buildup, and to control the flight path to enable landing at a pre-

selected site. Attitude error signals are applied to the FDAi attitude error

needles.

Entry confJgu-,'ation is similar to attitude co__trol with the exception.s

that the rol]. response time is reduced, one step of axis resolution is not

needed, and the AGC will produce steering signals to the SCS by driving the

roll CDU. From initiation of.entry mode u:_til 0. 05G sxvitching, roll, pitch,

g

g
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and va\v error signals provide attitude control. Upon 0.05G switching, the

pitch and va\v error signals provide display only. Prior to entry, the I.XIU

X-axis is aligned along the spacecraft entry velocity vecto'r. This ali,gnn_.ent

eliminates the need for navigation base-to-spacecraft body axis resolution.

Deceleration is sensed primarib.- by the IN[U X-axis PIPA, although changes _

in l'iftvector orientation cause some lateral rno\-ement which is sensed by

the Y and/or Z PIPAs. The outer gimbal, or roll, IX resolver is connected

to the loX resoh'er in the ROLL CDU, giving a 16:1 increase in attitttde

error signal and reducing the response time of the roll channel. The AGC

will produce stee1"ing signals by executing a programmed lift vector down

entry (to ensure capture), ]80-degree roll to lift vector up, then generate

further steering signals with respect to O forces, heat buildup, and range

needed. These steering signals are routed to'the roll CDU where an IN[U-

CDU reso!ver error is generated and routed to the SCS for EDAI display

and/or RCS engine control. The entry may be perfor_ned manually with tke

pilot flying to the steerir.g signals as displayed on the 7DAI, or automatically

with the AGC steering signals routed to the rolIRCS engines for spacecraft

c ont r oi,

MAJOR CONiPONEXT/SU.BSYSTEM DESCRIPTION.

Inertial SubsyStem.

The function of the inertial subsystem is to provide a space- stabilized

inertial rcference from which velocity changes _.nd attitude chan.ges can be

_ensed. It is composed of the inertial measurement unit (IMU), the navi__a-

tion base (_NB), parts of the power and servo assembly (PSA). parts of the

control and display panels and three coupling display units (CDUs).

Navigation Base.

2.2.3.1.2

The navigation base (NB) is the rigid, Supporting structure v.-hich

mounts the IN'IU and optical instruments. The .NB is manufactured and

installed to close tolerances to provide accurate alignment of the equipmcnt

mounted on it. It also provides shock mounting for the !MU and optics.

Inertial kleasurement Unit.

bj
The inertial measurement unit (IN4U) is the main unit of the inertial

subsystem. It is a three-degree-of-freedom stabilized platform assen__bh-,

containing three inertial reference integrating gyros (IRIGs), three pulsed

integrating pendulous accelerometers (PIPAs), and three angular differenti-

ating accelerorneters (ADAs). The stable membe.r itself is machined fron_.

a solid block of beryllium with holes bored for mountfng the PIDAs, iRIC-s,

and one of the three ADAs. Three gipnbal and six intergimbal assen_b!i'es,

which house torque motors and rcsol<'ers, are also partofthe!MU.assemUh,

together \vith preamplifiers and gimbal-n_ounted electronics. Figure Z. I-2

shows ho\v the IRIGs and the PIPAs are mounted re!ative to each other or.

the stable member (o_ inner gimbal). The three gimba! axes, about xvhich

each of tLe gimbals rotate, are also ._d_o,\-n.

GUIDANCE AXD NAVIGATIOX SYSTI£M
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The stable platform attitude is maintained by the Ii_IGs, ADAs, stabi-

lization loop electronics, and gimbal torque motors. Any displacement of

the stable platform or gimbal an_les is sensed by the IRIGs and ADAs, which

generate error signals. IRiG error signals are resolved and amplified at
the IMU and applied to stabilization loop electronics. ADA-produced error

signals are summed with the IRIG error signals. The resultant signal is
conditioned and applied to the gimbal torque motors, which restore the

desired attitude.

The stable platform provides a space-.referenced mount for three

P!PAs, which sense velocity changes. The PIPAs are mounted orthogonally

to sense the velocity changes along all three axes. Any translational force

experienced by the spacecraft causes an acceleration or deceleration which
is sensed by one or more PIPAs. Each PIPA generates an output signal

proportional to the magnitude and direction of velocity change. This signal,
in the form of a pulse train, is applied tc the AGC. The AGC will use the

signal to update the velocity information and also generate signals to torque

each PIPA ducosyn bac]-, to null.

The te_uperature of the IRiGs and PIPAs is maintained within required

limits during both standby and operating rhodes of the iMU. The IMU tem-

perature control system contains circuits to supply normal proportional
temperature control with the capability of backup or emergency control in

case of a proportional control malfunction. The proportional temperature
control circuit is the primary means of maintaining the IRIC- and PIPA

temperature and provides the .most accurate control. This type of controlis
available when either the proportional or auto-override mode is selected

with the IMU TEMP MODE selector switch. The purpose of the auto-

override mode is to provide autom:atic switching from that mode to

emergency control if there is a malfuncti'on in the proportional control
circ<_it. If a malfunction occurs in the proport_,na] mode, the switching to

emergency control must be performed manually. In the proportional mode,
the temperature is controlled by the proportional temperature cdntrol

bridge and is maintained at 135±0. 5°F. While in the emergency mode, it is

controlled by the mercury thermostat and is held within ±5°F.

The backup temperature control and indicator circuit is intended for

use in the event the proportional control fails. The control sensing elements

for this system are three PIPA indicating sensors (connected in series) and

six IRIG sensing elements (connected in series) in two separate bridges.

This system can maintain the temperature to within-+-l°F. In this mode of

operation, an alarm indication is not available to the astronaut because of

modifications to the temperature alarm amplifier circuit.

Coupling and Display Units.

There are five CDUs mounted below the IMU control panel at the lower

equipment bay. Three CDUs function as part of the ISS, while the two

re-naining CDUs function with the OSS. The optic CDUs (OCDUs) are

described in paragraph Z. Z. 3. Z. The three inertial CDUs (ICDUs) are

identical and may be interchanged. Display dials on the front panel of each

provide a 6-digit readout. Positioning of ti_e ICDUs is accomplished by the
AGC. Each ICDU contains a 1/4-speed, l/g-speed, 1-speed, and !6-speed

resoh'er, the fu._-ctions of which depend upon the ISS mode of operation. The

angular movements of the resoh'ers are converted into digital, signals by a

digital encoder, processed by encoder electronics, anql routed to AGC

registers \\hich maintain current ICDU angles for use as desired. The AGC
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and applied to CDU motor drive amplifiers \vhich position the CDUs. -£he

l-speed and ]6-speed resoivers function as receivers of signals produced bv

l-speed and 16-speed resolvers mounted on the IMU. The I/Z-spee<_

resolvers are used to zero the CDUs and the i/4-speed resolvers are r,o_

use_d. The resolvers provide input signals to selector circuits which provideT<<

n_otor drive signals or spacecraft attitude error signals, dependino_ uuo,_

rnode of operation. The IMU outer giFnbal J-speed resolver signals are

applied to the roll CDU 16-speed resolver to increase roll control rates

during entry.

Power and Servo Assembly.

The power and servo assembly (PSA), located just below the display-

and control panel in the lower equipment bay', serves as a central n-_ounting

point for most of the GAN electronic units such as power supplies and

amplifiers. It also contains the backup e].ectronics used to supply timin__

pulses to the IMU in cas_ of an AGC timing malfunction. It consists of i0

removable trays mounted adjacent to each other and connected to a junction

box. The PSA trays utilize three wiring har'nesses to provide electrical

connection: one for module-to-module connection, another for module-t.o-

•junction box connection, and a third for module connection to a 38-pin

female test plug on the front of the PSA tray.

Optical Subsystern.

The optical subsystem is used for taking precise optical sightings on
celestial bodies and for taking fixes on landmarks. These sightings are used

for aligning the TMU and for determining tKe posit_on of the spacecraft. Tke
,.,D<,=, parts .._system includes the navigational base, t\vo of the five "_ _- _ the

power and servo assembly, controls and displays, and the optics, v:hich

include the scanning telescope (SCT) and the sextant (SXT).

Optics.

The optics consist of the SCT and the SXT mounted in two protr-_d!ng

tubular sections of the optical base assembly. The SCT and SXT shaft axes

are aligned parallel to each other and afford a common line-of-sight (LOS)

to selected targets. The trunnion axes may be parallel or the SCT axis may

be offset depending upon mode of operation.

The sextant is a highly accurate optical instrument capable of measur-

ing the included angle between two targets. Angular sightings of two targets •

are rnade through a fixed beam splitter and a movable mirror located in the
sextant head, The sextant lens provides 1.8-degree true field of viev: with

28X magnification. The movable mirror is capable of sighting a target to

57 degrees LOS from the shaft axis. The mechanical accuracy of the
trunnion axis is twice that of the LOS requirement due to mirror reflection

which doubles any angular displacement in trunnion axis.

The scanning telescope is sirnilar to a theodolite in its ability to "

accurately- measure elevation and azimuth angles of a single targq_ 'dsb_Z an
established reference. The lenses provide 60-degree true field of _ie\v at

IX magnification. The telescope allowable LOS errors are 1 minute of arc

rms in elevation with maximum repeatability of 15 arc/seconds and

approximately 40 arc/seconds in shaft axis.

:_.-_VIGA £IOE SYSTEMGUIDANCE AND "'_ " ....
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Coupling D';.spiay U':its,

The function of the OCDUs is to position and repeat angles of the SCT and

SXT shaft and trunnion axes. The OCDUs are sirnilar to the ICDUs, but may

not be interchanged due to internal mechanical differences allowing higher

OCDU rates. Each OCDU has a 6-digit display readout and can be positioned

automatically by AGC command. CDU angles are converted to a digital

signal by a digital encoder, processed by encoder electronics, and routed to

an AGC register. AGC positioning commands are applied to a digital-to-

analog converter, converted to a representative analog sig_al, and applied
to.a motor drive amplifier in the SXT. Rcso!vers in the SXT function as

transmitters to CDU reso].vers which receive the position signals and apply

the commanded angles to the CDU motor drive amp!ifiers to position the

CDU motor.

Trunnion CDU 1/4-speed a.nd 16-speed reso!vers function as receivers

and provide drive signals to the trunnion CDU motor. The SXT t_unnion
reso!vers which drive the CDU resolvers are 1-speed and 64-speed respec-

tively, pro)idip.g a 1:4 SXT trunnion to CDU trunnio_ ratio. Visual readouts
on the trunnion display dials are thus four times the trunnion angle and. two

times the star line-of-sight angle from zero position. The 1/Z-speed

resolver, in conjunction with the cosecant amplifier, provides --_ variable

gain computing resolver which is used in t:he RESOLVED mode of operation.

The l.-speed resolver is not used in the trunnion CDU.

Shaft CDU I/Z-speed and 16-speed resolvers function as receivers and

produce drive signals to the shaft CDU motor. SXT resolvers used as
transmitters are also i/Z-speed and 16-.speed resolvers, affording a i:i

ratio; thus, the display dials provide direct readouts of the shaft angles.

The l-speed resolver resolves polar coordSnates into rectangular coor-
dinates for the }<ESOLVED mode of operation. The i/4-speed resolver is

not used in the shaft CDU.

Operational Modes.

Optics positioning is accomplished automatically by the AGC or

manually by the crew. Overall mode control is establi'shed by crew selec-
tion of the ZERO OPTICS, MANUAL, or COMPUTER modes on the OPTICS

panel.

ZERO OPTICS mode enables automatic drive of the SXT shaft and

trunnion motors to zero. ThSs is accomplished by applying the SXTresoFver

output signals to the input of the SXT motor drive amplifiers, The drive

signals are applied to the CDU and SCT resolvers which follow the sxr shaft
and trunnion axes to zero. After 60 seconds, the AGC optics position

registers are cleared, This mode m_ay be selected by AGC program or

manually.

MANUAL mode enables positioning control of the optics by manual

manipulation of the optics hand controller, The hand controller is mech-

anized such that, right-left movement generates shaft commands, and
up-down movement generates trunnion commands. Hand controller drive

rates are selected by the position of the CONTP, OLLER SPEED switch.

g
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Positions HI, .XIED, and LO control the amplitude of the drive signal to the

hand controller. Hand controller drive signals are applied to the SXT

shaft and trunnion drive amplifiers through the CONTROLLER MODE switch

for selection of DIRECT or RESOLVED mode. in DIRIqCT mode, the_image

motion is presented in a polar coordinate reference frame; in RESOLVED

mode, the image motion is presented in a rectangular coordinate reference _'

frame.

In DIRECT mode, shaft comn_ands mox'e the image in a circular path

around the center of the field of view. Trunnion commands drive the image!

in a straight line across the center of the field of view. The angular

orientation of the trunnion comnzanded straight line movement is a function

of the shaft angle; therefore, direction of image n_ovement with respect

to the direction of hand controller mo,,'ement is also a funct{on of shaft

angle. The rate of image movement, for shaft commands, is a function

of trunnion angle, wherein increasing trunnion angles result in increasing

image movement rates.

In RESOLVED mode, shaft commands move the image left-right in

a straight line.. Trunnion commands move the image up--down in a straight

line. Image movement is in the same direction as hand controller move-

ment and the rat£ of movement is constant for varying angles.

In CO.X'IPUTER mode, the AGC positions the optics to a star or land-

mark determined by AGC programming. This mode is performed by an

AGC routine wl{ieh is called up automatically by various alignment pro--

grams. The targe_ star or landmark may be defined by AGC programming

or by the crew. if the target star or landmark is not selected by AGC

programming, the crew makes a DSKY entry defining either the latitude,

longitude, and altitude for a landmark or the star code for a star. The

AGC determines the spacecraft attitude by monitoring the ICDUs, and

computes the angles necessary to drive the optics to the desired target.

(If the angles necessary to acquire the target are beyond the capabilities

of the optics, the AGC flashes the DSKY displays.) When the necessary

angles are computed, the AGC displays the desired shaft and trunnion

angles on the DSIIY and initiates OCDU drive to these angles. When the

AGC has completed driving the CDUs, _he crew checks the DSKY-disp!ayed

angles against the 6-digit CDU displays and the SOT counters. The crew

then locates and identifies the target in the SCT, enables manual control,

and completes the sighting. The AGC can also perform zero optics

functions, if desired, by the AGC program.

The SCT trunnion may be operated in three alternate modes, with

respect to the SXT trunnion, as desired. The SLAVE TELESCOPE switch

enables crew selection of STAR LOS, EA!'_DMARK LOS 0 °, or OFFSET

25 ° . The STAR LOS position is normally used. In this position, the SCT

trunnion is slaved to the SXT trunnion. The: LA_D-XIAP, K LOS 0 ° position,

applies a fixed voltage to the SCT trunnion position loop causing it to null

at zero. This holds center of the SCT 60 o field of view parallel, to the
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SXT landmark line of sight. The OFFSET 25 "_ position applies a fixed

voltage to the SCT trunnion position loop, causing it to null at Z5 degrees

off-center. This holds the SCT field of view so that the SXT landmark line

of sight remains visible while sweeping the SCT shaft through 360 degrees,

of rotation, providing an approximate l l0-degree total field of view,

C omoute {" Subsystem.

The computer subsystem (CSS) consists of the Apollo guidance com-

puter (AGC) and two display and keybo'ard papeis (DSKYs). The AGC and

one DSKY are located at the lower cquipmerA bay. The other DSKY is

located on the main display console. The AGC mounts one switch on the

front panel which applies partial or full power <o the computer to enable

standby or full operation of the CSS. All other :\GC controls and displays

are located on the DSIiYs. The keyboards on the DSKYs are smiliar;

however, tl_e displays on the DSKY in the lower equipment bay are more

extensive.

Apollo Guidance Computer.

The Apollo guidance computer (AGC) is a digital computer using a

tgvo-part rope core memory. (See figure Z. 2-3.) The AGC processes

various data to provide controi and computation functions. Input data is

received from the crew, ISS, OSS, MSFN, and other spacecraft systems

This dita is processed by various programs to provide outputs to the

crew, :SSs OSS, MSFN, and other spacecraft systems in the form of

commands and displays. The control functions performed by the AGC

consist of the following:

e_ Align the IMU stable platform.

G Position the optics for ngvigation sightings.

e Command reaction control system engine firings to maintain

specific attitude.

Request initiation and command termination of service

propulsion engine firings.

Provide synchronization pulses to the central timing equipment.

o Command telemetry transmission to MSFN.

e Command ISS moding.

Command OSS moding.

The reference data used to generate controls may be acquired externall or

generated within the AGC. initiation of the controls may be accomplished by

the crew using the DSKYs, by MSFN via telemetry, or by an AGC program.

' >ii
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e Central processor

o Memory

e Timing

Power S_JppIy. The power supply consists of two parts. Input to the power

supply is +Z8 vdc from the spacecraft main d-c bus. The two sections pro-
vide +13 vdc and +3 vdc. The +13-vdc output provides power to the DSKYs

and, in conjunction with the +3-vdc power, to the logic circuits. The

+3-vdc supply provides power to the timing section as well as to the logic

circuits. During standby mode of oper'ation, the +3-vdc section only is

operated; thus, power consumption is reduced by approximately 100 watts.

Input. The input section consists of four registers which enable inter-

c--oz_a_mnication between the AGC and the other G&N subsystems, the

stabilization and control sys'cem, the mission sequencer, the S-IVL guid-

ance, and N,ISFN. The utilization of the registers is such that each bit

position in each register is assigned a specific task. For exan_ple, bit

positions i, Z, 3, 4, and 5 of input register 0 are assigned to receiving the

five bit code generated when a DSKY key is t_ressed. Data received from

the various sources are conditioned by the input registers such that, when

it is transferred into the logic circuits, the signal levels and timing are

correct. The data received by the four input registers are as follows:

Input 0 Register
Receives 5-bit code from the DSKYs,

block uplink signal from the UPTEL switch,

control sig'na!s from. the SCS mode control

panel, hnd mark commands from the MARK

pushbutton. Also monitors the signal from

the telemetry bit rate detecting circuits.

Input 1 Register
This register is formed by the Scaler A

regi'ster of the timing section which main.-

rains real time during standby operation,

and provides update information to the real

time counters when full operation is

resumed.

Input Z Register
Receives Z00, 400, 800, and 1600 pps

signals from the Scaler A section of the

timing section forming an extension of the

real time counters for use by other space-

craft systems which require timing of this

order. Also receives discrete event signals

from the S-IVIB instrument unit, CM/SM

separation signals from the master events

sequence controller, failure signals from

the ISS, mode signals froi-n the SCS, and

parity fail signals.
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Input 3 Register Receives ISS mode signals from the ISS

mode relays and mode signals from the OSS,

moni-tors the position of the TRANSFER

switch, and provides a logic OR gate fdr

33 DSKY relays.

Output. The output section consists of four registers wh.ch enable the

)kGC to communicate with the flight crew, ISS, OSS, and other spacecraft

systems. The utilization of the registers is similar to that used for the

input section (i.e., each bit position, or group of bit positions is assigned

a specific task). The tasks assigned to the various registers and bit

positions are as follows:

Output 0 Register Provides the transmission link from the

AGC to the DSKYs by control of 14 banks of

relays which provide display of data and

routing of control signals to the ISS, OSS,

and SCS.

Output 1 "Register Receives internal AGC alarm, signals and

causes alarm indicators on the DSKYs to

illuminate. Receives KEY RLSE request

from an AGC program and causes the KEY

RLSE indicator to ill(u-ninate and flash until

the DSKY is released. Receives AGC signal

indicating improper DSKY operation and

causes the CHECK FALL. indicator to illu-.

minate. Receives SPS engine firing signal

from an AGC program, causing the DSKY

to flash a request for crew initiation of

engine firing. Receives SPS engine off

command from an AGC program, removing

the engine on signal. Also provides signal

to reset the error interrupt trap circuits,

identifies the type of word being transmitted

by downlink telemetry, and inhibits further

loading of telemetry words when the telem-

etry word rate exceeds 50 words per second.

_ .. 5::::.

Bz_42

[ Output Z Register Controls application of 3200 pps control

pulses to the ISS and OSS.

Output 3 Register

Output 4 Register

Serves as a spare register for the central.

processor when needed.

Contains the next word to be transmitted by

downlink telemetry.
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Central Processor. The central processor contains the logic circuits

and registers which perform the programs. Programs are executed by

performing instructions in a sequence controlled by the sequence genera-
tor. There are two basic types of instructions. The first is the machine

instruction which consists of regular, involuntary, and miscellaneous

instructions. Regular instructions are contained within the program and

are part'of the data words being processed. L_vo_luntary instructions are

performed as interrupts to the program and are generated externally to the

AGC. Miscellaneous instructions are used in the computer test only. The

second basic type of instruction is the' interpretive instructions and are a

programmer convenience which are converted under program control to

machine instructions. The execution of the instructim_s is a function of

the sequence generator. The sequence generator combines basic timing

pulses with the instruction portion oi a data word and performs lhe program

in the necessary sequence. Regular machine instructions are processed

by the sequence generator initiation of the instruction. The instruction.

will perform one or more subinstrucdon, the last of which will be a sub-

instruction to proceed to the next instruction. InvoIuntary instructions are

initiated by an interrupt from an externa! source, after which the instruc-

tion is performed in the same manner as a regular instruction. After

completion of the involuntary instruction, a "resume" command is executed

and the sequence generator returns to the program which was interrupted.

The central processor performs the data manipulation by adding, sub-

tracting, shifting, etc., within a group of central registers, adder, and

parity block. The functions of the registers are as follows:

A Register
Accumulator. Stores the results of ari'khmetic

processing.

LP Register Stores the least significant portions of the

product of a multiply instruction.

13 Register Used to complement (by reading the reset: side

of the register), as temporary storage, and as

a buffer.

:[

[

<iiiii_!i_

!_ii_i¸
: ii}

Z Register Program counter. Contains address of next

instruction. Incremented by one as each instruc-

tion is perforrned. (Instructions are usually

stored in memory sequentially. )

Q Register
If transfer control occurs the cortents of Z are

read into and stored in Q until interrupt is com-

pleted. Enables interrupted program to restart

at the proper instruction. Also used in division.

Stores remainder in complemented form.

Input 0, 1, Z, 3 Refer to Input section description.

Output 0_ I, 2, 3 Refer to Output section description.
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S Register

Provides access to and fron_ menlorv. Shifting, _*i:

under program control, takes place in this G_.,_:

register. Parity bit is removed and restored

in this register.

Contains address of word to be called from

memory. If word is in fixed memor\, this

selects word in conjunction with BANK

register.

BANK Register Selects bank in fixed memory. Operates in

conjunction with S register.

SQ Register Stores 4 bi_ order code of instruction word.

X, Y, U Registers These registers form the adder. Two numbers

to be added are placed in X and Y. The result

is stored in U.

Parity Circuit The" parity circuit checks the parity of words

corrAng from memory to be Odd. If parity is

not correct, this circuit generates a parity

alar_n. Words being returned to memory are

given the proper parity bit by this circuit.

Data flow within the central processor is initiated by an instruction.

A data word is brought from memory to the O register. The G register

provides temporary storage of the word unti._,it is needed. If the word

came from erasable memory, it will usually be written back into the same

location during the same memory cycle time it is transferred to the G

register. (This is not necessary for words from fixed memory, as

readout is not destructive.) The word is then routed to the parity circuits

for a parity check and to have the parity bit removed. The sequence

generator next controls the transfer of the data word to the other registers

_or processing. If the result of the processing is to be written back into

memory, the word is transferred back into the O register, the parity bit

is added, and the word transferred back to memory. If the processing

consists of arithmetic functions, it is performed in the adder (X, Y, and

U registers). The AGC has the capability to add only; therefore, sub-

traction, multiplication, and division are performed by complementing

and/or shifting, then adding.

Memory. The AGC memory consists of two sections. The largest section

'is the fixed memory. This is a rope core type having a capability of

24, 576 sixteen bit words. Readout is non-destructive and the data con-

tained cannot be changed. All pern_anent, pre-determined data, such as.

programs, tablesl constants, star and landmark angles, etc. , are

contained in this section. Addressing the data contained in the fix'ed

Mission
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section is accomplished by the S and BANK registers. A smaller erasable

section provides temporary storage for transient data. Erasable men_ory

is a coincident-current core array with a capacity of 10Z4 sixteen bit words.

Readout is destructive so if data is to be retained, it is necessary to write

the data back into the location when it is read out. Addressing the data

contained in erasable memory is done by the S register.

Timing. The timing section generates the synchronization pulses for AGC

operations and timing pulses for other spacecraft systems. The timing

section is divided into the following functional groups:

Clock Divider

Scalers A and B

This group contains the basic clock

oscillator which has a 2. 048 mc frequency

divided to time various AGC logic functions

and certain outputs, clock the time pulse

generator, and driveScaler A.

Scaler A contains 17 binary dividers pro-

ducing signals of various frequencies used

within the AGC logic, as reference to the

PSA, and to drive Scaler B. Scaler IB

contains 16 binary dividers producing

timing signals to the Input l register for

maintaining real time when the AGC is in

standby.

Scaler> A and B are used in conjunction

,;v_tn the Inl:,_._ 0 register, _ _' , _,,_

TIME g counters to provide real time.

Time Pulse

Generator

Produces 12 basic timing pulses which

define action times. These pulses are

used to control internal sequencing of

data processing.

Memory Pulse

Generator

This group provides timing pulses to fixed

and erasable memory to synchronize read

and write operations.

Start-Stop Logic The start-stop logic generates three

commands. A monitor stop command

inhibits the time pulse generator and s_ops

AGC data word flow. A monitor start

command generates the third signal which

is a clear command to the sequence

generator.

E

i
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2.3.3•3.2 Display ancl Keyboard.

The DSKYs facilitate intercommunication between the flloht crew and

the AGC. (See figure 2.l-4).) The DSI(Ys operate in parallel, xvith the main

display console DSKY providing AGC display and control while the c_ew are

in their couches. The two condition lights provided at the main display con*

sole DSKY are COMPUTER. FAIL, which is a gross AGC failure indicator.

and KEY RLSE, which is a request to the crew to release the DSKY circuit.s

to internal AGC program use The main display console DSKY also has an

UPTEL switch which enables the AGC to accept or block telemetered data !

from MSFN. The DSKY at the lower e_tuipment bay contains the remainder

of the co_dition lights: PR.OG ALM, RUPT LOCK, PARITY FAIL, TC

TRAP, TM FAIL, COUNTER FAIL, SCALER FAIL, CHECK FAIL and KEY

RLSE. All the condition lights except KEY RLSE are failure indicators.

(KEY RLSE is a request for the crew to release the DSKY circuits to

internal AGC program use.) This DSKY also has a TEST ALARM pusL-

button which is wired to the alarm relays to provide a ch_ck of the warning

lights. The electrolurninesce_t displays are identical on each DSKY and

ahvays display identical data. The intensity of these displ&ys is controlled

by the BRIGHTNESS thumbwheels.

The exchange of data between the flight crew and the AGC is usually

initiated by crew action; however, it can also be initiated by internal

computer programs. The exchanged information is processed by the

DSKY program. This program allows the followin'g four different modes

of operation:

Displa;, of Internal Data_Both a one-shot display and a periodi-

cally updating display (called monitor) are provided.

Loading External Data--As each numerical character is entered,

it is displayed in the appropriate display panel location.

Program Calling and Control--The DSKY is used to initiate a

class of routines which are concerned with neither leading nor

display• Certain routines required instructions from the operator

to determine whether to stop or continue at a given point.

e Changing Major lVfode--The initiation of large scale mission phases

can be commanded by the operator.

The data involved in both loading and display can be presented in

either octal or decimal form as the operator indicates. If decimal form

is chosen, the appropriate scale factors are supplied by the program.

Decimal eutries are indicated by entering a sign (+, -).

Keyboard Operation. The basic language of communication between the

operator and the AGC is a pair of words known as verb and noun.. Verb

and noun codes are defined in figures 2.2-5 and Z.Z-6, respectively. Fach

L_il::i!:!_
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of these is represented by a two-character octal nun]be1". The verb code

indicates what action is to be taken (operation); the noun code indicates to

what action is applied (operand). Typicalverbsare those for disp]ayi'ng and

loading. Nouns usual!y refer to a group of erasable registers within the

computer memory, The PP_OGIKAM, VERB, and NOUN displays provide

two digit numbers which are coded octal numbers describing the action

being performed. The REGISTER I, 2, and 3 displays provide display of ,

the contents of registers or nqemory locations. These displays are

numbers which are read as decimal numbers if a sign (+, -) is present and

octal numbers if no sign is used. The REGISTEP_ displays operate uncier

program control unless the contents of a specific register or memory
location is desired. The crew may request display of the conteqts of a

specific register or memory location by commanding the display from the

keyboard. The only other displays are the ACTIVITY lights \_hich indicate

whether the computer is computing or accepting telemetry from MSFN.

The keyboard provides 18 keys which, when pressed, generate a

five bit signal representative of the key pressed. The +, -, and 0-9 keys

are used for numerical entries, while the CLEAR, ENTER, VERB, NOUN,

KEY RELEASE, and ERROR RESET keys provide instructions. The TEST

ALARRi key is wired to the alarm relays and provides a check of the

warning indicator lights with the exception of SCALER FAIL. The main

display console DSKY UPTEL switch enables or inhibits the acceptance

of telemetry from 3/[SFN. The function of each of the keys .is as follows:

0-9 Enter numericz] data, addresses, and

action codes.

VERB Commands AGC to accept the next two

numbers as verb code data. ,Verb display

is blanked until numbers are entered.

NOUN Commands AGC to accept the next two

numbers as noun code data. Noun display

is blanked until numbers are entered.

ENTER Instructs AGC to accept keyed-in data as

completed and initiate operation specified

by data word.

CLEAR Enters all zeros in data register being

loaded. Each successive pressing of this

key clears the next higher register.

KEY RLSE Release the DSKY circuits and displays for

use by the AGC program being exec'Ated.

ERROR RESET Momentarily resets AGC failure lights.
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(+) and -.) Denotes sign of data to follow. Deuotes

that following data is decimal.

TEST ALARM Sets relays to illuminate LEB DSKY con-

dition lights (except SCALER FAIL) to

ensure proper operation. (LEB DSKY

only. )

UPTEL Sets AGC input registers to accept or

inhibit telemetered da_a from MSFN.

DSKY only. )

(MDC

BRIGHTNESS Provides control of intensity of electro-

lumine s cent dis p!ay s.

The lower equipment bayDSNY provides nine condition lights of which

eight are failure indicators and the remaining light a request for action.

The function of each is as follows:

PROG ALM The AGC program being executed has

detected an error.

COUNTER FAIL, Detected failure in input timing pulses.

Either interrupt or circuitry failed. Inter-

rupt failure is denoted by RUPT LOCK

failure indicator illumination.

Intcrrupt failed to occur or was not com-

pleted within specified time.

TC TRAP Transfer control instruction has not occurred,

or has occurred but was not completed within

a specified time.

SCALER FAIL Failure detected in AGC timing section.

PARITY FAIL Parity failure detected in data read from

memory.

TM FAIL Telemetry word rate to MSFN either too

high or too low. Telemetry word rate from

MSFN too high or incorrect transmission

of data.

CHECK FAiL Attempted illegal DSKY operation. Normally

operator error.

KEY RLSE Flashes to indicate AGC program in opera-

tion requires DSKY circuitry to continue.
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The standard procedure for the execution of keyboard operations

consists of a sequence of seven key depressions"

VERB V 2 V] NOUN N 2 N1 ENTER

Pressing the VERB key blanks the two verb lights on the DSKY and clears

the verb code register in the AGC. The next two numerical inputs are

interpreted as the verb code, in octal form. Each of these characters

is displayed by the verb lights as it is inserted. The NOUN key operates

similarly with the DSKY noun lights and AGC noun code register. Pressing_

the ENTER key initiates the program indicated by the verb-noun com-

bination displayed on the DSKY. Thus, it is not necessary to follow a

standard procedure in keying verb-noun codes into the DSKY. it can be

done in reverse order, if desired, or a previously inserted verb or noun

can be used without rekeying it. No action is taken by the AGC in initia_ing

the verb-noun-defined program until the ENTER key is actuated. If an

error is noticed in eitLer the verb code or noun code prior to actuation of

the ENTER key, it can be corrected simply by pressing the corresponding

VERB or NOUN key and inserting the proper code. The ENTER key should

not be actuated until it has been verified that the correct verb and noun

codes are displayed.

•If the selected verb-noun combination requires data to be loaded by

the operator, the VERB and NOUN lights start flashing on and off (about

once per second) after the ENTER key is pressed. Data is loaded in fiVe-

character words and, as it is keyed in, it is displayed character-A_y -

character in one of the five-position data display registers, REGISTER l,

REGISTE]{ Z, or REGISTER 3. Numerical data is assumed to be octal

unless the five-character data word is preceded by a plus or minus s_gn,

in which case it is considered to be decimal. Decimal data must be loaded

in full five-nunneral character words (no zeros may be left out); octal data

may be loaded with high order zeros left out. If decin-_al is used for any

component of a _<qu!ticomponent load verb, it nqust be used for all con_-

ponents of that verb. In other words, Ho mixing of octal and decimal data

is permitted for different co_wponents of the same load verb. The Eb_TER

key n_ust be pressed after each data word. This tells the program that the

numerical word being keyed in is con]plete. The on-off flashing of the

VERB-NOUN lights terminates after the last ENTER key actuation of a

loading sequence.

The CLEAR key is used to rerqove errors in loading data as it is

displayed in REGISTER ], REGISTER Z, or REGISTER 3. It does nothing

to the PROGRAM, NOUN, or VERB lights. (The NOUN lights are blanked

by the NOUN lfey, the VERB lights by the VERB key.) For single-

component load verbs or "machine address to be specified" nouns, the

CLEAR key depression performs the clearing function on the particular

register being loaded, provided that the CLEAR key is depressed before

the ENTER key. Once the ENTER key is depressed, the CLEAR key does

nothing. The only way to correct an error after the data is entered for
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a single-component load verb is to begin the load verb again. For two-

or three-component load verbs, there is a CLEAR backing-up feature.

The first depression of the CLEAR key clears whichever register is being

loaded. (The CLEAR key may be pressed after any character, but before

its entry.) Consecutive CLEAR key actuations clear the data display

register above the current one until REGISTER 1 is cleared. Any attempt

to back up (clear) beyond REGISTER 1 is simply ignored. The CLEAR

backing up function operates only on data pertinent to the load verb which

initiated the loading sequence. For example, if the initiating load verb

Were a "write second component into" type only, no backing up action

would be possible.

The numerical keys, the CLEAR key, and the sign keys are rejected

if depressed after completion (final entry) of a data display or data load

verb. At such time, on!y the VERB, NOUN, ENTER, ERROR RESET, or

KEY RELEASE inputs are accepted. Thus, the data keys are accepted

only after the control kcys have instructed the program to accept them.

Similsrly, the + and - keys are accepted only before the first numerical

character of REGISTER !, REGISTER g, or REGISTER 3 is keyed in and

at no other time. The 8 or 9 key is accepted only while loading a data

word which is preceded by a + or - sign.

The DSKY can also be used by internal computer programs for

subroutines. However, any operator keyboard.action (excep; ERROR

RESET) inhibits DSKY use by internal routines. The operator retains

control of the DSKY until he wishes to release it. Thus, he is assured

that the data he wishes to observe will not be replac,zd by internally

initiatad data displays. In general, it is recommended that the operator

release the DSKY for internal use when he has temporarily finished with

it. This is done by pressing the KEY RELEASE key.

Verb-Noun Formats. Thc verb-noun codes are defined in figure.s 2. Z-5 and

Z.2-6. A noun code may refer to a device, a group of computer registers,

or a group of counter registers, or it may simply serve to convey informa-

tion without referring to any particular computer register. The noun is

made up of 1, 2, or 3 components, each component being entered sep-

arately as requestedby the verb code, As each component is keyed, it is

displayed on the display panel with component 1 displayed in REGISTER 1,

component Z in REGISTER 2, and component3 in REGISTER 3. There are

two classes of nouns: normal and mixed. Normal nouns (codes 01 through

54) are those whose component members refer to computer registers which

have consecutive addresses and use the same scale factor when converted

to decimal. Mixed nouns (codes 55 through 77) are those whose component

members refer to nonconsecutive addresses or whose component members

require different •scale factors when. converted to decimal., or both.

A verb code indicates what action is to be taken. It also determines

which component member of the noun group is to be acted upon, For
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example, there are five different load verbs. Verb 2] is required for
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loading the first component of the selected noun; verb 22 _oads the second

component; verb 23 loads the third component; verb 24 loads the first and

second component; and verb 25 loads all three components. A simibar

component format is used in the display and monitor verbs. ]_-here are two

general classes of verbs: standard and extended. The standard verbs

(c(%des 0] through 37) deal mainly with loading, displaying, and monitoring.

data. The extended verbs (codes 40 through 77) are principall}, concerned

with calling up internal progran)s whose function is system testing and
!

operation.

\Vhenever data is to be loaded by the operator, the VERB and XOUX

lights flash, the appropriate data d{spiay register is blanked, and the

internal computer storage register is cleared in anticipation of data load-

ing. As each numerical character is keyed in, it is displayed in the proper

display register. Each data display register can handle only five numerical

characters at a time (not including sign). If an attempt is made to ke\ in

more than five numerical characters at a time, the sixth and subsequ¢nt

characters are simply rejected but they do appear in the display register.

The + and - keys are accepted prior to inserting the first numerical

character of REGISTER•I, REGISTER Z, or REGISTER 3; if keyed in at

any other time, the signs are reiected. If the 8 or 9 key is actuated At

any time other than while loading a data word preceded by a + or - sign,

it is rejected and the CHECK FAIL light goes on.

The normal use of the flash is with a load verb. However, there are

two special cases when the flash is used with verbs other than load verbs.

O Xiachine Address to be Specified--There is a class of nouns

available to allow any machine address to be used; these are

called "machine acldress to be specified" nouns. When the

"ENTER", which causes the verb-noun combination to be

executed, senses a noun of this type the flash is immediately

turned on. The verb code is left unchanged. The operator

should load the complete machine address of interest (five-

character octal). This is displayed in REGISTER 3 as it is

keyed in. If an error is made in loading the address, the

CLEAR key may be used to remove it. Pressing the ENTER

key causes execution of the verb to continue.

Change Major Mode---To change major mode, the sequence is

VERB 37 ENTER. This causes the noun display register to be

blanked and the verb code to be flashed. The two-character

octal major mode code should then be loaded. For verification

purposes, it is displayed as it is loaded in the noun display

register. The entry causes the flash to be turned off, a.request

for the new major mode to be entered, and a new major mode

code to be displayed in the PROGRAM d_splay register.
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Remarks

01

02

03

0 ,i

O5

O6

O7

10

Ii

12

13

14

15

16

17

2O

21

Description

Display 1st component of

Di__play 2nd component of

Display 3rd component of

Display 1st and grid

components of

Display 1st, 2nd, and 3rd

co_ porierit of

Display all corriponent(s) ot

DP decimal display

Enter request to waitlist

{Used only during ground

checkout. )

Nlonitor lst _:ornpcnent

Monitor 2nd component of

.Monitor 3rd comporient of

Monitor Ist and 2rid

component of

Monitor 1st, 2nd, and

3rd component of

Monitor all components(s)

of

.Monitor DP decimal

Enter request to executive

(Used only during ground

checkout, )

Write 1st component into

Verb codes 01 through 37 denote

standard ve rhs.

Performs octal display of data on REGISTER 1.

Performs octal 6isplay of data on REGISTER 1.

Performs octal display of data on REGISTER l.

Performs octal display of data on REGISTER 1 and REGISTER 2.

Performs octal display of data on REGISTER 1, REGISTER 2. AND REGISTER 3.

Performs decimal display of data on appropriate registers. The scale factors, types

of scale factor routines, and component inforrnation are stored within the machine

for each noun which it is required to display in decimal.

Performs a doublc precision decimal display of data on REGISTER 1 and REGISTER 2.

It does no scale factoring, it merely performs a 10-character, fractional decimal

conversion of two consecutive, erasable registers, using REGISTER 1 and REGIS-

TER 2. The sign is placed m the REGISTER I sign position wi_h the REGISTER 2

sign position remaining blank. It cannot be used with mixed nouns. Its intended use

is primarily with "macbhm address to be specified" nouns.

Enters request to "waitlist routine" for any machine address with delay involved.

This verb assumes that the desired number of 10-miliisecond units of delay has

been loaded into the low o_der bits of the prio/delay register {noun 26)'. This verb

is used with the "machine address to be specified" noun. The complete address of

the des'red location is then keyed in. {Refer to "Machine address to be specified"

in paragraph on Verb/Noun Formats. )

Performs octal displ_y of updated data every i/2 second on REGISTER i.

Performs octal display of updated data every 1/2 second on REGISTER I.

Performs octaldisplay of updated data every I/2 second on REGISTER I.

Performs octal display of updated data every I/2 second on REGISTER I and

REGISTER 2.

Performs octal display of updated data every I/Z second on REGISTER 1,

REGISTER 2, and REGISTER 3.

Performs decimal display of updated data every 1/2 second on appropriate registers.

Performs double precision display of decimal data on REGISTER 1 and REGISTEI', 2.

No scale factoring is performed. Provides 10-character, fractional decimal con-

version of two consecutive erasable registers. The sign is ptaced in the sign-bit

position of REGISTER 1. REGISTER 2 sign bit is blank.

Enters request to executive routine for any machine address with priority involved.

This verb assumes that the desired priority has been loaded inlo bits !0-14 of the

pr{o/delay register {noun 26). This verb is used with the noun, "machine address

to be specified". The complete address of the desired locatmn is then keyed m.

(Refer: to "Machine address to be specified" in paragraph on Verb/Noun Formats.}

Performs data loading. Octal quantities are unsigned. Decimal quantities are

preceded by + or - sign, Data is displayed on REGISTER I.

Figure Z.2-5. Verb Li.st (Sheet t of 3)
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ii
(1

i

24

27

3?

5_

42

43

B

D

\e r :_

Code Descr,pHon

22 Wr:2e 2Ild coI:2ponent llltO

Wr'.te 3rd component into

Write 1st and 2nd

c oP,_ poise nt into

Write ist, 2nd, and 3rd

c oP._ pone nt into

(Spare)

(Spare)

(Spare)

Bank Dis pla,:

(Spare)

Proceed w'ithout data

Te rnltnate

(Spare)

Fresh start

Change major mode to

Zero

Coarse align I.XIU

Fine align I_MU

Lock I.MU

Set I3.1U to ATTITUDI-2

CONTROL

Set I.XIU ENTRY

Return IXIU to coarse

align

SMZA-03-SC01 fi

APOLLO OPERATIONS }-tA.NDiBOOt'-:

SYSTF.MS DATA

]Remarks

Performs data loading. Octai quantlties are unsigned. Decimal quantities are

preceded by * or - sign. Data is displayed on REGISTKR 2.

Performs data loading.

preceded by + or - sign.

Performs data loading.

preceded by + or - sign.

Performs data loading.

preceded by + or - sign.

REGISTER 3.

Octal quantitids are unsigned. Decimal quantities are

Data is displayed on REGISTER 3.

Octal quantities are unsigned. Decimal quantities are

Data is displayed on REGISTER 1 and tR_GISTER 2.

Octal quantities are unsigned. Decimal quantities are

Data is displaTed on REGISTER 1, REGISTER 2, and

This verb is included to permit displaying the contents of fixed memory in any bank.

Its intended use is for checking program ropes and the BANK position of program

ropes.

Informs routine requesting data to be loaded that the operator chooses not to load

fresh data. but wishes the routine to contine as best it can with old data. Final

decision for what action should be taken is left to requesting routine.

Informs routine requesting data to be loaded that the operator chooses not to load

fresh data and wishes the routine to terminate. Final decision for what action should

be 'taken is left to requesting routine. If monitor is on, it is turned off.

Initializes the program control software and the keyboard and display system program.

Change to new major mode. (Refer to "Change major mode" in paragraph on Verb-

Noun Formats. )

NOT[_

Verb codes 40 through 77 denote

extended verbs.

.Must be used with noun 20 {ICDU) or noun 55 (OCDU) only. Sets the CDU registers to

zero.

_Must be used with noun 20 {ICDU} or noun 55 {OCDU) only.

Calls up programs that perform the indicated G&N system procedures.

Calls up programs that perform the indicated G&N system procedures.

Calls up programs that perform the indicated GkN. system procedures.

Calls up programs that perform the indicated Glen system procedures.

Calls up programs that perform the indicated G&N system procedures,

Figure Z.2-5. Verb List (Sheet 2 of 3)
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_2
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!
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3
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1

Verb ! DescmptLon

/

47 (Spare}

r_0 / Please perform

51

5Z

53

54

55

56

57

60

61

62

63

64

05

66

67

70

7!

72

73

74

75

7t,

77

Please mark

Mark reject

Free

Pulse torque gyros

Align time

IDerform BANK sum

System test {Used only

during ground checkout. }

Prepare for standby

Recover from standby

(Spare)

(Spare)

Calculate orbital

paranaete rs

Calculate time of arrival

at longitude

Calculate latitude and

longitude at specified time

Calculate maximum

declination and tittle of

arrival

(Spare)

(Spare)

(Spare)

fleturn to Earth ailTl

point update

Orbit change aim point

update

Manual lift-off fo_ flights

R. V.T. update (state

vector)

(St.'a re)

l_.ernarks

This verb is used only by internal rountines that wish the operator to perform a

certain task. It should never be keyed in by the operator. It is usually used with

noun 25, "checklist. " The coded number for the checklist item to be performed is

displayed in REGISTIEI_ 1 by the requesting routine.

This verb is used only by internal routines that request the operator to "mark". It

should never be key'ed i_ by the operator. It is usually used with noun 30, "star

numbers". The numbers of the stars to be marked are displayed in I_.EGISTER 1,

REGISTIgR 2, and RI;2GISTER 3 by the requesting routine. The operator should indi-

cate completion of each valid nnark by prec-sing the MARK button. He should never

press ENTEK with verb 51.

Rejects "mark" and returns to verb 51, Must be entered within 2.0 :;econds of

pressing MARK button.

Calls up programs that perform the indicated Gg:N :wstem procedures. Used only

with noun 20 (ICDU) or noun 55 (OCDU).

Calls up programs that perform the indicated Gg.N system procedures.

1R, V. T. denotes position, velocity, and tirne.

Figure Z. 2-.5. Verb List (Sheet 3 of 3)
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Code

Ol

O2

O3

O4

O5

06

O?

I0

II

12

13

14

15

16

17

20

21

Description

_OT_

Noun codes Ol through

54 denote normal nouns.

Specify machine address

Specify machine address

(Spare)

(Spare)

Angular error

Pitch angle

Heads up-down

Change of program or major

mode (Used only with verb 50,

"Please perform". )

(Spare)

Engine on enable (Used only with

verb 50, "Please perform".)

Delta V allowable

Delta V tailoff

Delta V measured (Vector

magnitude. )

Delta V counter setting.

Increment address (Used only

during ground checkout. }

AGC clock time:

REGISTER 1

REGISTER 2

REGISTER 3

(Spare)

ICDUs:

X-REGISTER 1

Y-REGISTER 2

Z-REGISTER 3

PIPA counters:

X- REGISTER 1

Y-REGISTER Z

Z-REGISTER 3

SM2A-03-SC012

APOLLO OPEP.ATIONS HANDBOOK

SYSTEMS DATA

Scale / Units

_O_E

In Scale/Units

coluFnn:

X = significant

digit

0 = zero

(always)

B = blank.

XXXXX

XXXXX.

XXX. XX degrees

XXX. XX degrees

:k00001

XXXXX. ft/scc

XXXXX. ft/sec

XXXXX. It/see

XXXXX. ft/sec

Octal only

00XXX. hours

000XX. mim_tes

0XX. XX seconds

XXX. XX degrees

XXX. XX degrees

XXX. XX degrees

XXXXX. pulses

XXXXX. pulses

XXXXX. pulses

I
Noun

Code

22

23

24

25

26

27

30

Description

Ne,a, angles h

X-REGISTER !

Y-REGISTER Z

Z-REGISTER 3

Delta angles h

X-REGISTER 1

Y-REGISTER 2

Z-REGISTER 3

Delta time for AGC clock:

REGISTER 1

REGISTER 2

REGISTER 3

Checkli st (Used only v:ith

verb 50, "Please perform".)

Checklist code numbers (Appear

in REGISTER 1. )

00001 SCS mode to G&:N

attitude contr ol

0000g SGS mode to G&N

Delta V

00003 SCS mode to G&N entr,

0000,4 SCS mode to monitor

00007 Manual attitude

lnaneuve r

00011 Automatic optics

positioning

00012 Target data entry

00013 Switch OSS to computer

control

00014 Fine align check

00015 Perform star

acquisition

00031 Engine on

00035 Prepare AGG for

thrusting

00036 Thrust terminate

00041 G/M-5/M separation

Prio/delay (Used only during

ground checkout. )

Self test ON-OFF switch

Star number

Scale _Units

XXX. XX deart'es

XXX. XX%earees

NXX XX degrees

XXX. XX de.rees

NXX XX degrees

XXX. XX de_rees

00XXX. hours

000XX. minutes

0XX. XX. seconds

XXXXX.

XXXXX.

XXXXX.

XXXXX.

Figure 2.2-6. Noun List (Sheet 1 of 3)
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Code Description

register code

32

33

34

35

36

37

41

,12

NO_g

Error codes are defined

in paragraph 2.2.2.3.3.

Self-test diagnosis

REGISTER 2

Self-test diagnosis

REGISTER 3

Decision time (Used only during

ground checkout. )

Ephemer s time (Used onlyduring

ground checkout. )

Event time:

REGISTER I

REGISTER 7'

REGISTER 3

Delta event tirne:

REGISTER 1

REGISTER 2

REGISTER 3

Delta event time (Display only.)

(Spare)

Gamma {inertial flight path

angle. )

REGISTER 1

Inertial veloci W

REGISTER 2

Altitude above launch pad

REGISTER 3

Maximum acceleration

REGISTER 1

Perigee altitude

REGISTER Z

Free-fall time

REGISTER 3

Miss distance

REGISTER 1

I Perigee a!:itude

REGISTER 2

:Free-fall time

[ R EG IS TI'I R 3

Fig

Scale/Units

Octal only

SYSTEMS DATA

Description

Perigee altitude

REGISTER 1

Apogee altitude

REGISTER 2

44

45

46

47

5O

Octal only

Octal only

00NXX. hours

000XX. minutes

0XX. XX seconds

00XXX. °hours

000XX. minutes

0XX. XX seconds

!i XXBXX.seconds minutes,

XXX. XX degrees

XXXXX. ft/sec

XXXX, X nautical

miles

XXXX. X g's

XXXX.X nautical

miles

XXBXX. minutes,

seconds

XXXX. X nautical

miles

XXXX. X nautical

miles

XXBXX minutes,

seconds

re 2.2-6.

51

Free-fall time

REGISTER 3

Latitude

REGISTER 1

Longitude

R EGISTIi:R 2

Altitude (Above mean equatoriaI

radius. )

REGISTER 3

Perigee altitude

• REGISTER 1

Apogee altitude

REGISTER 2

Delta velocity required

REGISTER 3

Time to event

REGISTER 1

Velocity to be gained

REGISTER 2

Perigee altitude

REGISTER 3

Flight path angle

REGISTER 1

Miss distance

I REGISTER 2

Time to event

REGISTER 1

Delta time of burn

REGISTER 2

Time to event

REGISTEP 1

Velocity to be gained

REGISTER 2

I N' easured velocity change along

spacecraft X-axis

REGISTER 3

Noun List (Sheet 2 of 3)

Scale/Units

XXXX. X nautical

miles

XXXX. X nautical

mil.-s

XXBXX. minutes,

secolids

XXX. XX degrees

XXX. XX degrees

XXXX. X nautical

mile,,

XXXX. X degrees

XXXX.X degrees

XXXXX. ft/sec

XXBXX. minutes,

seconds

XXXXX. it/see

XXXX. X nautical

miles

XXX. XX degrees

XXXX. X nautical

miles

XXBXX. minutes.

seconds

XXBXX. minutes,

seconds

XXBXX. minutes,

seconds

XXXXX. ft/sec

XXXXX ft)sec

E
F'

t2t.
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SYSTEMS DATA

2< o t_:t t

Cod<, Description

52 :me to event

53

54

55

56

57

60

61

62

REGISTKR 1

Velocit,:- to be gained

R£GISX ER 2

Free-fall time

REGISTER 3

kIaximum acceleration

REGISTER 1

:Free-fall time

REGISTER 2

Commanded roll angle

REGIS] KR 1

Present acceleration

REGISTER 2

['a@T_

Noun codes 55 through

77 denote mixed nouns.

OCDUs:

X (Shaft angles}

REGISTER 1

Y (Trunnion angles}

REGISTER 2

Uncalled mark data;

X {Shaft angles}

REGISTER 1

Y (Trunnion angles}

REGISTER 2

New angles-OCDUs:

X (Shaft angles}

REGISTER 1

Y {Trunnion angles}

REGISTER 2

IMU mode status (Used only

during ground checkout. }

Target: (Used only during

ground checkout. )

Azimuth

REGISTER 1

_' ._-l!o:;
: - _ "ER g

Delta veloc .ty insertion

R E GLS'I'ER 1

Miss dlsta-ce

R EC,_.. JR 2

Free-fall time

REGISTER 3

Scale/Units

XXBXX. minutes,

seconds

XXXXX. ft/sec

XXBXX, minutes,

seconds

XXXX. X g' s

XXBXX. minutes

seconds

XXX. XX degrees

XXXX. X g's

XXX.XX degrees

XX. XXX degrees

XXX.XX degrees

XX. XXX degrees

XXX. XX degrees

XX. XXX degrees

Octal only

XXX. XX degrees

XX. XXX degrees

XXXXX. ft/sec

XXXX.X nautical

miles

XXBXX. minutes

seconds

oun

o Description

;3 tLatitude

I REGISTER 1

Longitude/2

I REGISTER 2

Altitude

REGISTER 3

64

65

66

67

70

71

72

23

74

75

76

77

(Spare)

Sarnpled time (Fetched in

interrupt. )

REGISTER 1

REGISTER Z

REGISTER 3

System test results (Used only

during ground checkout. )

Delta gyro angles: (Used only

during ground checkout. )

X -IRIG

REGISTER 1

Y -IRIG

REGISTER 2

Z -IRIG

REGISTER 3

Pitch trim

i _t2 Tqq_2, .e. ,_ .... R l

Yaw trim

REGISTER 2

Delta velocity tailoff

REGISTER 3 '

(Spare}

Delta position (Used only during

ground checkout. )

Delta velocity (Used only during

ground checkout. )

(Spare}

Delta position magnitude

REGISTER l

Delta velocity magnitude

REGISTER 2

Measuremen! angle deviation

REGISTER 3

R-position (Used only during

ground checkout. )

\'-velocity (Used only during

ground checkout. }

Scale/Units

XX. XXX d_egrees

XX.XXX degrees

XXX.XX nautical

miles

00XXX. hours

000XX. minutes

0XX. XX seconds

XX. XXX degrees

XX. MXX degrees

XX. XXX degrees

XXX. XX degrees

XXX. XX degrees

XXXXX. It/see

XXXX. X nautical

miles

XXXXX. ft/sec

XXX. XX degrees

Figure Z.Z-6. Noun List (Sheet 3 of 3)
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2.2.3.3.3

00101

00102

00103

00104

00105

00106

00107

00110

00120

00201

OOZOX

00203

00204

00401

O0402

00.103

0040-t

00405

The flash is turned off by any of the following events:

o Final entry of a load sequence

Entry of verb "proceed without data" (33)

Entry of verb "terminate" (34).

It is important to conclude every load verb by one of the aforementioned

three, especially if the load was initiated by program action within the

computer. If an internally initiated l.oad is not concluded validly, the pro-

gram that initiated it may never be recalled. The "proceed without data"

verb is used to indicate that the operator is unable to, or does not wish to,

supply the data requested, but wants the initiating program to continue as

best it can with old data. The "terminate" verb is used to indicate that the

operator chooses not to load the requested data and also wants to terminate

the requesting routine.

Error Codes.

Error code numbers appear in'REGISTER 1 with noun 31.

OSS Errors

Optics mode control switched from ZERO OPTICS before end of 30 seconds.

AGC unable to achieve desired optics mode.

Function not valid for SC 0!Z.

No vacant area available for marks.

internal mark request whi]e mark s'y stem is busy.

Function not valid for SC 012.

Mark reject while mark system is not in use.

Mark reject with all requested marks accepted or no marks since initiating

last mark reject.

Too many marks.

ISS Errors

Zero encode ended before end of 30 second wait.

AGC unable to achieve desired ISS mode.

No ISS mode indicated to AGC.

ISS mode changed while TRANSFER switch is in COMPUTER position, but

AGE did not command mode change.

Procedural Difficulties

Desired gimbal angles will produce gimbal lock.

greater than 60 ° .)
Star out of field of view,

Same as 00402.

IMU orientation unknown.

SCS mode monitor, failure,

(Middle gimbal angle

[J!

E
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[

[
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[
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SYSTEMS DATA

0040o

00407

00410

Navigation program busy.

.Navigation program needed internally.

AGC update not allowed.

AGC Hardware Malfunctions

<ii0!

0110Z

01103

01104

01105

0].106

Unused interrupt (RUPT Z) occurred

AGC self-test error.

Unused count, compare, and skip (CCS) branch executed.

C-relay failed during C-relay test.

Star search failure.

IMU orientation no good for entry.

List Overflows

01Z01

0IZ02

0]203

01204

01205

01206

01207

01210

Executive overflow-no vacant areas,*

Executive overflow-no core sets, ;:-"

\Vaitlist overflow-too many tasks. <-_

Same as 01Z03.<-_

Master control overflow-too n%any jobs waiting. _:-"

DSKY waiting line overflow. _:-"

No vacant area for marks.-",-"

Something already waiting in IMU stall.*

Interpreter Errors

01301

0130Z

Arccos-arcsin input angle too large.-*

Square root called _or with a negative argument.*

Display Alarms

01401

01402

VG increasing-loss of control.

Delta V too low-engine not on.

DSKY Program Errors

01501 Check fail alarm during internal use. ':'-

*These alarms are "aborts" and define alarms which initiate a restart of the AGC

program which was in progress when the alarm appeared.

i] GUIDANCE AND NAVIGATION SYSTEM
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51!

_t

4

;ii

%

2,

71

2.2.3.3.4 AGC Programs.

The following list of AGC programs defines the programs and routines

applicable to SC-01Z. The AGC programs provide the major modes of G&_q

system operation. The routines consist of a specific sequence of operations

which are )erformed by more than one program and/or other routine.

Program

Number

00

0l

0Z

03

04

O5

O6

07

ll

1Z

17

Z2

23

24

Z7

31

3Z

33

41

Title

AGC Idling

Pr elaunch Initia]i zation

Gyro Compassing

Optical Azimuth Verification

Inertial Reference

G&N Startup

O&N Power Down

Systems Test (]Limited in-flight use.)

Pre-LET Jettison

Post- LET Jettison

LET Abort

Landrnark Tracking

Star/Landrnark Navigation Measurement

Ground Track Determination

AGC Update

Orbit Change (Prethrust)

Return to Earth (Prethrust)

SPS Minin_um Impulse (Prethrust)

Orbit Change

Contains

Routines

R 24, R 34

R 27, R 28

R I, R Zl, R 35

R l, R 21, R 36

R I, R 21, R 31,

R33

R 2, R 22, R 24,

R 31, R 34,R 37

GUiDAR[CE AND i'qAVIf]ATIOR* SYSTEM
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Program

.Nmnbe r

42

43

5!

52

53

54

61

62

63

64

67

71

Return to }Earth

SPS Mirlin_unq Impulse

Title

iMU Orientation Determination

S-IVB/IMU Align

CSM/IMU Align

IMU Realignment

Maneuver To CM/SM Separation Attitude

CM/SM Separation And Pre-Entry

Maneuver .

Initialization

Post 0.05G

Final Phase

First Abort Burn

Conta ins

Routine s

R 2, Ik 22, R 24,

R 31, R 34, la 37

R 2, R 31, R 34,

R 37

R 27, R 29

R 4, R 25, R 27,

R 28, R 29, R 30

R i, P, 4, R 21,

R 25, R 27, R 28,

R 29, R 3O

R 27, R 29, R 30

RI, R2I

R3, R21

R 2,4

Routine Contains

Number Title Routine s

21

22

24

Attitude Control Mode Check

Thrust Control Mode Check

Entry Control Mode Check

R 22

R 1, R 21, R 22

I-<22

Fine Alignment

Attitude Maneuver

SCS Discrete Mouitor

Delta V Monitor

R 25, R 27, R 28,

R 29, R 30

R 38

GUIDANCE AND NAVIGATION SYSTEM
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2.2.4

Routine

i'<umbe r

25

27

28

29

3O

31

33

34

35

36

37

SMZA-03--SC012

APOLLO OPERATIONS IIANDBOOK

SYSTEMS DATA

Title

Coarse Alignnae nt

Sighting Mark

Auto Optics Positioning

Star Data Test

Gyro Torquing

Backup Delta V Counter

Prethrust SPS Minimum Impulse Data

Load

Orbit Parameter Display

Prethrust Orbit Change Data Lead

Prethrust Return to Earth Data Load

SPS Engine Ignition

Contains

Routines

38 SPS Engine Thrust Fail

PERFORMANCE AND DESIGN DATA.

(TBD)

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

S/C Attitude.

The S/C should not be maneuvered to an attitude which will align the

inner circle of either red area on the FDAI ball under the navigation axis

marker. Failure to avoid this condition can result in IMU gimbal lock.

Specifically, the following maneuvers should be avoided:

e Yaw maneuver greater than ±75 degrees when roll angle is

0 degree or 180 degrees.

o Pitch maneuver greater than +43 degrees or -i08 degrees when

roll angle is m90 degrees.

[

[

• , : '. _- ._ ]O1]
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2.2.5.3

Z.Z.6

IMU Operation.

• The AGC must be ON before tl_e iMU is placed in operation by

engaging the IMU circuit breakers.

e The AGC must be ON or in STANDBY before the IMU is placed

, in standby mode.

e Allow 15 seconds for the stabilization loops to completely

stabilize the platform after 'applying operating power, i.e,, after

engaging the IMU circuit breakers.

• The IMU must be in full operation for at least i hour before valid

operation of the inertial, components can be assumed.

e The inertial components will suffer a loss of calibration if the

temperature falls oelow !Z0°F ' or exceeds 140°P. Damage will

occur if the temperature fails below 40°For exceeds 160°F.

Do not operate the IMU such that the middle gimba! angle reaches

or exceeds 70 degrees.

Optics Operation.

e Do not slew the SXT or SCT into the mechanical stops.

• Do not drive the ZX TRUNNION CDU in excess of 180 degrees as

read on the CDU display dials. Insure that this display dial

indicates less than 180 degrees before engaging the ZERO

OPTICS rnode of operation.

TELEMETRY MEAS UREMEI'(ITS .

The following is a complete list of all G&N system telemetry data that

is monitored by flight controllers and ground support personnel. The ].ast

column contains the name and type of S/C crew display. The displayutilizes

the same pickoff or signal source as telemetry, unless a separate measure-

ment number is included in the display column.

An asterisk (_:-')by the measurement number denotes information which

is not available for recording or telemetry transmission during PCM low

bit rate operation.

Measurement

._un_be r

CG 000! V

CG 1101 V

Description

Computer digital data

40 bits

--28 VDC supply

Sensor

Range

+4/+!32 vdc

-30/0 vdc

Nomi nal

Operating

Range

-28 wlc

Crew Display

_one

None

GUIDANCE AN]) NAVIGA.TION SYSTEM

Mission Basic Date lfi Nov 1966 Chanqe Date Pa_e
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Nurnbc r

CG 1110 V

CG 1503 X

CG ]513 X

CG 1523 X

CG ] 533 X

CG 2110 V

'::CG 2112 V

;::CG 2113 V

<:CG 2117 V

CG 2140 V

#CG 2!42 V

CG 2143 V

*CO 2147 V

CG 2170 V

*CG 2172 V

:::CG 2173 V

:1CG Z 177 V

Description

2. 5 VDC TM bias

IMU +28 vdc operate

IMU +28 vdc standby

AGC +28 vdc

Optics +2.8 vdc

IGA torque motor

input

IGA 1X res output

sine in phase

IGA 1X res output cos

in phase

IGA serve error in

phase

MGA torque motor

input

MGA 1X res output

sine in phase

MGA 1X res output

cos in phase

MGA serve error in

phase

OGA torque motor

input

OGA 1X res output

sine in phase

OGA 1X res output

cos in phase

OGA serve error in

phase

SYSTEIviS DATA

Sensor

Range

TBD

Event

Event

Eve nt

Eve nt

TBD

TBD

TBD

010.. 5 vrms

TBD

TBD

TBD

0/0.5 vrms

TBD

TBD

TBD

0/0. 5 vrms

Nominal

Ope rating

Range

-28 vdc

Crew Display

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

_"iSSiop.',.
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_lU & SLI r el 11(,Ylt

Nun,.be r

<:CC- 2206 V

:::CG 2236 V

:::CG 2266 V

CG 2300 T

C.;G 230t T

CG 2302 C

CG 2303 C

<'-CG 3102 V

-':-'CG 311fi V

*CG 3133 V

::_CG 3141 V

::-'CG 3200 V

<_CG 3220 V

<-'CG 4300 T

CG 5000 X

CG 5001 X

Description

!GA CDU IX res

error in pliase

MGA CDU 1X res

error in phase

OGA CDU IX res

error in phase

PIPA temp

IRIG ternp

IMU heater current

IMU blower current

SXT trun motor

drive in phase

SXT shaft motor

drive in pl,.ase

SCT trun motor

drive

Trun CDU 16X res

error in phase

Trun CDU lnotor

drive in phase

CDU motor drive

RMS

AGC temp n_onitor

PIPA fail

IMU _aA

-]YS'I'EA'iS DA TA

Sensor

Range

0/0.2 vrms

0/0.2 vrms

0/0.2 vrms

TI3D

TBD

0/+5 amps

0/+5 amps

TBD

TBD

TBD

TBD

TBD

TBD

TBD

Event

Eve nt

>,ominal

Operating

Range

+126.0°F/

+134. 0°F

+129. 5 _'F/

+137. 5°F

0/+2 alTlpS

0/+1 an_p

,None

None

None

Crew Display

None

None

None

None

None

None

None

None

None

None

None

ACCEL FAIL, GE:N

ACCEL FAIL C&-W

lights (Z).

IMU FAIl, C&:W lights

(2),

GUIDANCE AND NAVIGATION SYSTEM

Mission Basic Date " 12 Nov 19{o6 (;hange ]3ate ....... Page Z. 2-.13

/ii:;::i*:4::



)z

>hi

i!_!%!

•';4

)!ii!

-: :4

::I

:3

_z_

ii{

X

. :)

"!

_,.[casu rcn]ent

Number

CG 5002 X

CG 5003 X

CG 5005 X

CG 5OO6 X

CO 5OO7 X

CG 5008 X

CG 5020 X

CD 5021 X

CG 5022 X

CG 5023 X

CG 5024 X

C G 5025 X

CG 5026 X

CG 5027 X

CG 5O28 X

SMEA-03-SC01Z

APOLLO OPERATIONS HANDBOOK

Description

CDU fail

Gimbal lock warning

Error detect

IMU temp light

Zero encode light

IMU delay light

AGC alarm i

(Program)

ACC alarm 2

(AGC activity)

AGC alarm 3 (TM)

AGC alarm 4 (prog

ck fail)

AGC alarm 5

(scaler fail)

AGC alarm 6

(parity fail)

AGC alarm 7

(counter fail)

AGC alarm 8 (key

release)

AGC alarm 9 (rupt

lock)

SYSTEMS DATA

Sensor

Range

Event

Event

Event

Event

Event

Event

Event

Event

Event

Event

Event

Eve nt

Event

Event

Event

Nominal

• Operating

Range

GUIDANCE AND NAVIGATION SYSTEM

......... Basic Date 12 Nov 1966 Change Date ......

F

Crew Display

CDU FAIL C&W lights

(z)

GIMBAL LOCK, GMBL

LOCK C&W lights (2).

PGNS, G&N ERROR

C&W lights (Z).

IMU TEMP C&W lights

(Z).

ZERO E1NCODER,

ZERO ENG. C&W

lights (2).

IMU DELAY. C&W

light,

PROG ALM, COMB

FAIL' (DSKY lights).

COMP DSKY lights (2).

E

E

F

[

[

TM FAIL, COMP

FAIL. (DSKY lights).

CHECK FAIL, COMP

FAIL. (DSKY lights).

SCALER FAIL, COMP

FAIL. (DSKY lights).

PARITY FAIL, COMP

FAIL. (DSKY lights).

COUNTER FAIL,

COMI ° FAIL. (DSKY

lights).

KEY RLSE (DSKY

lights) (Z).

RUPT LOCK, COMP

FAIl,. (DSKY lights).

.,._ _:._ i o:" Page 2 2-44 [
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.x, lca su r ¢i_]0 nt

Num be r

CG 5029 X

GG 5030 X

::_cG 6000 p

<_CG 6020 T

-':-'CG 6021 T

::-'GG 6022 T

SM2A-03-SC012

APOLLO OPEK-\TiONS }4ANDBOOI<

SYSTEMS DATA

Descrip_i,_n

AGC alarm 10 (TC;

trap)

Computer power fail

light

iMU pressure

PSA temp I tray 3

PSA temp Z tray Z

PSA temp 3 tray 4

Sensor

Range

Event

Event

T B D

T]3D

T]3D

TBD

Nominal

Ope rating

Range Crew Display

TC TRAP, COMG

FAIL. (DSKY lights).

AGC PWR FAIL

(DSKY lights) (2).

None

None

Norm

None

iil

b"J

2.2.7 G&N POWER CONSUMPTION.

The optics are only powered up when a star or landmark sighting is

required. The subsystems power leve}s are as follows:

Description

IMU--opera.te

standby

AGC--operate

standby

Optics --operate

Controls and displays

AGC only

AGC and IMU

Full G&:N operation

Control

CB 59 and58

CB 61 an',] 60

C13 57 and 56

AGC Mode Switch

GB 55 and 54

GB 93 and 62

and Switch No. 7

Power Reqmt's

325.0 watts (de)

61-7 watts (de)

115.0 watts (dc)

15.0 watts (de)

124.4 watts (de)

14.4 watts (de)

10.0 watts (de)

10-7 watts (dc)

18-7 watts (de)

7-0 watts (de)

Minimum power consumption is 76.7 watts (de) when AGC and IMU are in

the standby mode.

GUIDANCE AND NAVIGATION SYSTEM
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Z.2.8 INTERFACE SIGNALS.

The following list p_ovides the signal, source, and description of the

interface signals.

[.....7Signal Name , Source Description

Stabilization and Control System _/_c'q_o, and G&N System, Interface

En{g ins c)n-.off

Discrete signal

carrier

G&N system attitude

control (or SCS

attitude control)

Minimum irnpulse

enable

Minin<turn irnpulse+

and- pitch, yaw, and

roll

Minimum impul s e

pitch, yaw, and roll

Pitch error body offset

and body axis

Yaw error body offset

a:,:is

Yam, error body axis

.Roll error body offset
a:.,i s

Roll error body axis

AGC

(Apollo

guidanc e

con's, puts r)

AGC

SCS

G&N

system

SGS

G&N

system

G&N

system

G&N

system

G&N

systen_

G&N

syste_n

Provides pulse train that lasts as long as the engine

is required I:o fire. The time at which the signal

ter_dnates takes into .accouni: electronic delays

within the SCS and tail-off characteristics of the

engines,

Provides continuous guise train to the SCS to be

s'witched back to the ,AGC.

Provides power to an attitude cont_o! switch on the

G&lq system.

]Disables all three attitude channels simultaneously

and supplies voltages to an attitude control switch

on the G&N system..

_t 1 ) _9..I !t .Provides six signals to the G&-,,,' syste:_. :._o_:....

controller ope ratio:,a.

Provides the-capability to initiate spacecraft attitude

changes in the G&N system attitude control mode or

the SCS attitude control r6,ode. These changes will

be initiated by discrete minimum impulses.

Provides pitch attitude error signal to the SCS.

Provides yaw attitude error signal to the SCS during

G&N system entry mode.

Provides yaw attitude error signal to the SCS during

normal G&N system operating modes.

Provides roll attitude error signal to the SCS during

G&N system entry mode.

Provides roll attitude error signal to the SCS during

normal G&N system operating modes.

• _l, B h tOI%,
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Signal Name Source Description

G&N!kiU 28V 800 cps

(demodulator reference

I.XIU sin AIG IX,

IMU cos AIG 1X,

IMU sin AMG IX',

IMU cos AMG IX,

IR.fU sin AOG IX, and

IMU cos AOO 1X

system

G&N

system

from the G&N system.

Provides total attitude signals to the SCS.

Provides an 800 cps, synchronous, in-phase voltage

il :!<

:: 1
Electrical Power System (EPS) and G&N System Interface

EPS Provides power to the'AGC.

,.:!

<;I:2̧ _;

!:!::j

iIi_

3

:[

+28 vdc AGC bus A and

bus B

-!28 vdc optics bus A

and bus B

+28 vdc IMU bus A

and bus B

+Z8 vdc standby bus A

and bus B

EPS

EPS

EPS

Provides power to the optics subsystem.

Provides power to the IMU.

Provides IMU temperature control power.

llSv 400 cps EPS Provides power for all G&N system 6-volt lamps

Communication and Instrumentation System and G&N System Interface

..:,,

/ </I

!:::J

%!i_'i. ,!

t(1

]

/_i-I

ii

...._

Ii DLNK sync

_] DLNK end

DLNK start

_ DLNK data

U LNK 1

AGC

AGC

AGC

AGC,

AGC

Synchronizes data transferred from the AGC to the

communications and instru_tc)entation system.

Permits two AGC words to be transferred from the

AGC to the com_unications and instrumentation

system. Stops the AGC and the transmission of

data from the AGC to the communications and

instrumentation system.

Provides pulse signal that occurs at the beginning

of every data transmission to the communications

and instrumentation system. Sets flip-flop in AGC

that enables 5-stage downlink counter.

Initiates by ])I_,NK start, stopped by DLNK end, and

consists of a 40 bit telemetry word (two AGC words

and an 8 bit telemetry word order code).

Transmitted to the uplink counter in the AGC.

Adds one to uplink counter and shifts the counter

one increment.

Tlr_GUIDANCE A,_., NAVIGATION SYSTEM
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.blgna, Name Source

i" ! _.'< 1< 0 AGC

k__

SYSTEMS DATA

Description

Transmitted to the uplink counter in the AGC.

Shifts up!ink counter one increment.

[

[

[

.[

[,

[

[
[

[

[

[
[
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Z.3.1

SECTION Z

SUBSECTION Z. 3

STABILIZATION AND CONTROL, SYSTEM (SCS)

INTRODUCTION.

The stabilization and control system (SCS) provides a capability for

controlling rotation, translation, and thrust vector forces with additional

capability of rate stabilization.

The SCS is divided into three bas{c subsystems: attitude reference,

attitude contro], and thrust vector conl.rol. These subsystems contain the

elements which provide for manual attitude control, automatic attitude

control, and thrust vector control, plus manual backup provisions for all

automatic functions,

The subsystdm/control capability allows the free selection of several

modes of operation which fall within the boundaries of three entirely

different flight control profiles. These include coasting flight (earth orbital

environment), powered flight (atmospheric - ascent, and earth orbital

environment), and atmospheric flight (entry - unpov_ered).

Spacecraft displays provide a capability for monitoring S/C attitude,

S/C rates, attitude errors, cautions, and warnings. Controls provide

switch arrangements for commanding modes, commar.ding inpuLs to change

operating status and to permit manual override to all automatic functions.

The SCS interfaces with the following S/C systems (See figure Z. 3-!).

o Teleconqmunications System (T/C)

Provides clock reference frequency for measurement of changes in

S/C velocity
>

Receives all down-link telemetry from SCS

Provides up-data position information via AGC or voice

Electrical Power System (EPS)

Provides primary power for SCS operation

e Environmental Control System (ECS)

Transfers heat Irom SCS electronics

STABILIZATION AND CONTROL SYSTEM
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UP'DOWN DATA

LINK

LF-Z--]__
L_q__

_'Z_ i " ATTITUDE ERRORS

GUIDANC ,

AND J

NA'_'iGAIION

i SYSTEM ] SPS THRUST ON-_)FF

'I'TOTA L

i TT!TUDE

l ! . _rSWITCH COMMANDS

TELEMETRY MEASUREMENTS

TP,ANSLATION j TRANSLATION

COMMANDS

l ROTATION 1

I CONTRO_I
L-----. r, J

PROPORTIONAL

ROTATION

COMMANDS

>

]i> STABILIZATION

AND

CONTROL

SYSTEM

->

I

I
SPS ON-OFF |

............................7-]
SPS GIMB&L COMM&NDS '_ t

RCS AUTO ON-OFF

COOLING | I

I......i

SPS

°sw,,cH,NoLijFUNCTIONS

D!RECT RCS ROTATION COMMANDS

i,c l
i j

SM-2A-676D [

l'_igure Z.3-!. SGS Functional Interface

5
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2.3.2.1

Z.3. Z.I.I

Sequential Events Control System (SECS)

Provides abort switching function

By switch control in SCS, initiates abort and enables control fur_ctions

in SCS

Guidance and Navigation System (G&N)

Provides roll, pitch, and yaw total attitude inputs to SCS

Provides attitude error signals

Provides thrust on/off command for SPS engine

Provides steering commands to TVG during G&N AV

o Propulsion Systems (SPS, RCS).

The service propulsion system generates internal forces for large

velocity changes

The reaction control system generates the internal forces required

for rotation, and translation.

A detailed description and function of the SCS controls and displays

referred to Js provided in section 3.

FUNCTIONAL DESCP_IPTION.

The functional description of the SCS covers the major areas of

control capabilities, Apollo reference axes, and subsystem description.

Control Capabilities.

Control capability exists for tl{e manual attitude control, automatic

attitude control, and thrust vector control functions. The following

paragraphs provide a brief discussion of each control function.

Manual Attitude Control.

k4anually commanded inputs converted to electrical signals, directly

or indirectly, cause the propulsion systems to _<naneuver the spacecraft to

a desired attitude and/or change the flight path (trajectory) of the space-

craft. ManUal controls include two independent rotation controllers

(figure Z. 3-8), two trans]ation controllers (figure Z. 3-8), and an arrange-

,_qent of panel-mounted controls and displazs.

STABILIZATION AND CONTROL SYSTEM
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The rotation controllers command discrete on-off signals for the

reaction control system to initiate angular rotations about the S/C X-, Y-,

and Z- axes or combinations of these axes. The X-, Y-, and Z.-axes are

synonomous with the S/G geometric coordinate system of roll (qb), pitch (0),

and yaw (_), respectively. (See figure Z.3-Z.) These commands are

primarily used for S/C attitude (orient__tion) control. The translation

controllers, when operated, command signals for the reaction, control

system to initiate translations (acceleration) along the S/C X-, Y-., and Z-

axes or combinations oi these axes. These comrnands for the ASZ04A

mission are primarily initiated to perform ullage maneuvers prior to SPS

thrusting. Pane]-mounted switches are used for attitude set control

functions, application of electrical power, evaluating system status, and

selection of operating modes,

The displays provide indications of _otal attitude, attitude errors,

angular rates, and caution and warnings.

Automatic Attitude Control.

Automatic attitude _.ontrol is a capability whereby attitude errors and

rotational rates are sensed by gyroscopic devices which, in association

-Z QUA D S/_RCS EN_JNES
I A _,_ POWER SOURCE MAIN BUS A
I

.\ o ,OWE, O. E
_ii'_ _ , ¢_\ \ n _I_, p,c_ E_'o' .XE_

/-IqW _ ,_,,I " i \ - f-c-_-._ /
+×-(--__2-_'_dr/ I ,,_-_" / ,;e_,.-W-_/ _,E_ _ ,OWE_SOU_CE_,_

-Y l0 - - -

...... C'"ON ,',Xi_ QUAD "-_i' ,

1_!.7-r?(
......... I_BODY C
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with electronic and logic circuits, automatically induce the propulsion

systems to maintain a desired inertially fixed attitude. Translatio_

capability is not an automatic control function.

Two methods of automatic attitude cop.trol are available. One method

reqhires the use of con_ponents of the SCS to establish desired attitude

references, and for sensing attitude changes and rates of change. Three

orthagonally mounted rate gyros sense angular rates about the S/C X-, v_ ,

and Z-axes. Body-mounted attithde gyros (BMAGS) and attitude gyro

coupling unit (AGCU) establish attitude reference and determines attitude

error. The attitude error signals and rate gyro signals _>e electronically

conditioned and subsequently provide a rate-damped automatic attitude hold

with respect to an inertially fixed attitude. The attitude is held with drift

rates kept within acceptable limits (deadba_d) for the three axes. A

maximum or mini_num deadband may be selected by the ATT DEADI%A?,-D

switch on the SCS control pane], {E4DC-8). Maximum electrical deadband

a]]ows drift limits of ±4.2 degrees from reference attitude. Niinin_un_l

electrical deadband is ±0. Z degree fro_-n refe'rence attitude.

When a manual maneuver is initiated, the automatic attitude control

function is interrupted. When the man,_al maneuver ceases, the automatic

attitude control function is reinstated and the new attitude will be the new

inertial attitude.

The other method of automatic attitude control incorporates

components of the G&N system; whereby, the combined G[_N/SCS systc_-_s

establish attitude references, and sense attitude change and rate of change.

In addition, the Apollo guidance computer (AGC) can be commanded through

the computer keyboard to automatically establish new attitude references

and maintain attitude hold at the new reference. \Vhen this is done,

attitude change data is taken" from on-board charts or received via the

manned space flight network (MSFN).

The inertial measurement unit (IMU) in the G&N system provides the

inertial reference and senses attitude errors. The rate gyros in the SCS

determine the rates of change. The attitude error signals sensed by the

IMU and SCS rate gyro signals are electronically condition.ed and subse-

quently provide a rate-damped automatic attitude control with respect to

the IMU inertially fixed reference. Again, drift rates about the three S/C

axes are held within acceptable limits.

Manual maneuvers can also be performed when using G&N attitude

control, providing proper switch configuration is established. The auto-

matte hold function is interrupted until the manual maneuver ceases, at

which tirne the automatic function continues to hold at the new inertial

attitude. Inputs to tt_e AGC via the computer keyboard can commay_d the

AGC to realign the IMU to a selected inertial reference. The S/C car, then

be automatically maneuvered to and be maintain.ed at the uew attitude.

!:: i!
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When automatic attitude control fanctions are in process, disp].ays

are required only for monitoring and comparing attitude with external or

known references, and for indications of systems failures.

Thrust Vector Control°

Thrust vector control (TVC), primarily, accomplishes three main

objectives. The first objective is to either, manua!ly or automatically

initiate thrusting of the SPS engine when large velocity changes are

required. The second is to control the thrust vector of the SPS engine such

that the veckor force iS essentially maintained through the S/C center of

gravity (c, g.) in the direction of the velocity correction. The third objective

requires the. automatic, with map.ual backup, termination of SPS thrusting

when a required velocity change has been attained.

When SPS thrusting occurs, th.rust vector control, uses the same basic

commands that are used for the attitude control fur, or]on, plus additional.

commands to control the SPS pitch and yaw gimba] sctuators. This combi.-

nation establishes the three-_axes att.itude control and stability while

thrusting. The commands to the pitch and yaw gimbal actuators will hold

the SPS thrust vector through the S/C c.g. in the direction of velocity

correction, and roll attitude is maintained by the roll attitude control

circuits and the RCS roll engines.

There a_:e three methods, or modes, of thrust vector controh ,_N

delta V, SCS delta V, and manualthrast vector control (MTVC). G&N

delta V is the primary mode of control for velocity changes. The G&N

system inserts comrnands into the SPS gimbat servo circuits to control the

thrust vector and to automatica!ly initiate SPS thrusting. The G&N/SCS

attitude control sensors and electronics perform the remainder of the

control functions.

The SCS delta V is normally used as a backup system in the event of

G&N fai].ure. When in O&Ix_ mode of operation, the SCS BMAG/AGCU loop

is aligned to the IMU reference attitude and, therefore, follows the attitude

changes sensed by the IMU prior to selecting the AV mode. After selecting

a &V mode, the BMAG/AGCU loop is opened. In the event of G&N failure

or IMU failure, a transfer to SCS delta V will allow continuation of the

velocity change using attitude error signal inputs originating from the

BMAGS. For SCS delta V, there are no major differences in operation

of the gimbal servo loop and the rate loops,

Mar_ual thrust \_ector control is a control function utilizing panel-

mounted controls, translation controls, and rotation controls. IvITVC is

primarily used to limit excessive rate changes that may be created by

malfunctions in the SCS oz" G&N systerns. Manipulation of the controls

allows velocity changes by the selection of redundant electronics and

redundant actuator motors to control gimbal action.
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Displays allow monitoring the character of a delta V, monitoring

system performance, and detecting system malfunctions.

Apollo Reference Axes.

In Apollo, there are two sets of axes, or coordinates, which are used

for _-neasuring changes an S/C attitude. (See figure Z.3-Z.) One set of

coordinates represent the geometric axes of the S/C and are the body axes "

XB' YB' and Z B. The other set of coordinates represent the geometric ,

axes of the IMU-optic base or nai*igations base. They are the navigations

axes X N, YN' and Z N. The inertial sensors are mounted and aligned

relative to these two sets of coordinates. The BMAG roll, pitch, arid y_*w

gyros are aligned to the S/C body axes and the IMU is aligned to the

navigations axis.

Body Axes.

As shown in figure Z. 3-Z, the longitudinal (X B) axis passes through

the geometric center of the S/C. The +X B is' toward the apex of the

command module; -X B is the opposite. Looking in the direction of the

apex, the +YB-axis is to the right; YB is to the left, The i-Z]3 is in the

direction of the footrest of the center couch and -Z}3 is to,,va±'d the headrest

of the center couch. The S/C e.g. is included in the plane formed by the

X B- and ZB-axes.

A ÷ roll rotation is a clockwi:se rotation about tl-_e X--axis, looking fro:n

-X to +X; a + pitch rotation is a clockwise rotation about the Y-axis, ]ooking

from -Y to +Y; and a + yam, rotation is a clockwise rotation about the Y..a:<is,

looking from -Z to -]Z.

Navigations Axes.

The navigations axes are rotated ÷33 degrees in pitch about the YB-

axis. The XN-axis is parallel to the side of the S/C; the YN-axis is

parallel to the YB-axis; and the ZN--axis is normal to the side of the S/C

and is rotated +33 degrees in pitch about the YN-axis. The ZiB-axis lies in

the same plane as the XN-axis. The _XN-, ±YN-' and±ZN-axes point in

the same relative directions as the body axes. The IMU +X-, iY-, and

+Z-axes are aligned to the +X N- and ÷ZN-axes.

Optics Base Axes.

A line-of.-sight telescope and sextant, mounted on the optics base,

are used in conjunction with the G&N system to determine S/C inertial

attitude and position. The optics base axe. s are measured in terms of the

shaft and trunnion angles of the telescope and sextant. The shaft a>-es of

the two are parallel to the ZN-axis and trunnion axes are parallel to the:

YN-axis.
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Subsystems.

The attitude reference, attitude control, and thrust vector control

subsystems are described in the following paragraphs. The description

covers the purpose and functions of each subsystem, and the integrated

association with other systems. Figures Z.3-3 and Z.3-4, provide simpli-

fied block, and flow diagrams of the three subsystems and figure Z.3-5

shows the switching logic and functions which affect the three subsystems.

Attitude Reference Subsystem.

The purpose of the attitude reference subsysl:em (figures Z.3-4 and

Z.3-5) is to relate the S/G attitude in terms of its geome_:ric X, Y, and Z

coordinate system to an arbitrarily chosen coordinate system with a fixed

reference f_arne. The relation between the two coordinate systems repre-

sents inertial attitude and is presented to the astronauts by visual display.

Visual observation of inertial attitude is necessary to perform manual

maneuvers or for monitoring automadc operations. The flight director

attitude indicator (FDA!), located on the S/G main display conso].e, displays

the information required for the manual and auto_c:atic operations. The

information displayed includes S/C total attitude, attitude error in three

axes, and rotational rates in three axes. The information displayed by the

FDAI is obtained from either the G&N system or the SGS.

There are two attitude references associated with the attitude

reference subsystem: primary and backup. The primary reference is

obtained through the mechanization of subsystems within the (]_lq system.

The backup reference is mechanized within the SCS. Each of the attitude

reference loops contain three basic elements: a computer, an inertia].

reference device, and a visual display.

Attitude Reference/G&N_ To obtain an inertia], reference using the

G&N system, the astronauts, the G&N optics subsystem, the inertial and

computer subsystems, and the MSFN are integrated to forrn a closed loop

system.

The G&N system is used to determine inertial attitude and position

and initiates alignment of the stable element of the IMU to the desired

inertial reference initially established by optical sightings.

After IMU alignment, the IMU in conjunction with the AGC can

provide inertial-referenced attitude hold and, if required, inertial-

referenced velocity changes. Translational velocities are sensed by

accelerometers mounted on the IMU stable e!e_nent. The A(]G processes

the accelerometer signals to update velocity and change information for

TVG functions.

In addition to the optical alignment of the IMU, the astronauts can use

the computer subsystem to establish ]MU alignment.
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Inertial reference data may also be received by the astronauts via the

MSFN voice link for AGC updating and/or for IMU alignment. With the com-

puter subsystem in the G&N loop, automatic ma_)euvers and/or G_N-

controlled velocity changes are possible.

The FDAI receives total att{tude and attitude error information from

the G&N system. The FDAIindicates S/C total attitude (S/C reference

attitude) and attitude error. Total attitude represents the gimbal angles of

the IMU; and attitude error is the difference between the IMU gimbal angles

and the desired attitude. The desired attitude is obtained by maneuvering

the S/C either manually or automatically in the directions that null out the

indicated errors, This establishes S/C attitude to the desired inertial

reference. The FDAI also displays rotational rates obtained from the SCS

rate gyros. The SCS rate gyros supply rate information for all G&N and

SCS control and display functions.

In G&N modes, the FDAlbali is contimlous!y controlled by signals

from the IMU gimbal angle resolvers. In SCS modes, the ball is controlled

by the AGCU total angle resolvers_ AGCU signals are applied to the bali

only during manually initiated attitude changes (assuming none of the BMAGs

are rate caged) and in the SCS entry mode after 0.05 G switching. Atallother

times, the ball remains stationary, The ball is always driven with reference

to the IMU axes with the AGCU providing the conversion for the ]3MAGS from

body axes to IMU axes.

Attitude Reference/SCS. If the IMU cannot be used for attitude refer-

ence, a backup or strapdown attitude reference comprised of assemblies

contained within the SCS will. provide inertial attitude reference. The

strapdown reference is mechanized within the following:

Attitude Oyro Accelerometer Assembly (AGAA)

Contains the body.-imounted attitude gyros (BMAGS), X-axis acceler-

ometer, and self-contained electronics. Provides attitude error signals

for the attitude control subsystem, AGCU, and FDAI. The BMAGS are also

a source for backup rate signals, if required.

Rate Gyro Assembly (RGA}

Provides angular rate signals to the attitude control (ACS) subsystems

and to the FDAI.

Attitude Set/Gimbal Position Indicator (AS/GPI)

The AS section provides a capability to set in desired reference

attitudes and align the ARS to those attitudes, The GPI section allows the

astronauts to manually position the SPS engine gimbals to a trim position

prior to a delta V maneuver.

STABILIZATION AND CONTROL SYSTEM
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Display/Attitude Oyro Acceleromcter Assembly Electronic Control

Assembly (D/AGAAECA)

AGAA section: Contains electronics required to operate the IBMAGS

and to interface with th e AGCU
,17! 

DEGA section: Provides the interface electronics between all sensors"

and corresponding displays

• _ Auxiliary Electronic Control Assembly (AECA)

AGCU section: Performs the mathematical computations and contains

the transformation matrices required to display

attitude and attitude errors of the S/C. The AGCU is

the primary control device for the SCS ARS.

The remainder of the AECA contains circuitry for the

SPS engine thrust ON/O]PF control function.

Flight Director Attitude Indicator (FDA!)

The FDAI (fig'_re .Z. 3-1Z) provides the •visual displays for S/C attitude;

included is total attitude readout (FDAI ball) gimbaled in three axes:

roll, pitch, and yaw.

Pitch and yaw total attitude is rea_ from either the body axes index

•(") or the navigation axes index (©). The indices are fixed to the

instrument faceplate. I<oll is indicated by a roll bUg (indicator needle

driven by the roll gimbal through a gear mechanism). Roll attitude is

read by comparing the roll bug position with reference to a scaled

bezel ring about the instrument periphery.

Attitude errors are indicated by three fly-to needles.

Angular rates are indicated by three fly-to needles.

A + roll rate or + roll error will cause those needles to deflect left.

A - roll rate or - roll error will cause the needles to deflect right.

A + pitch rate or + pitch error will cause those needles to deflect

down. A - pitch rate or - pitch error will cause the needles to

deflect up.

The yaw rate and error needles deflect in the same directions as the

roll needles.

To correct the error, the S/C is automatically or manually r'otated

in the direction of needle deflection.
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The SCS attitude reference subsystem is mechanized such that it is

used primarily for monitoring S/C attitude. Consequently, automatic
maneuvering is not possible when SCS modes of operation are selected.

However, by using the FDAI as a monitor and by proper selection of con--

trols, precision manual maneuvers can be performed.

The subsystem, acting as a strapdown reference, will supply all of

the attitude data normally available from the IMUo These data are subse-

quently applied to lhe FDAI for presentation of S/C attitude. The IMU is a

three-gimbal platform and therefore will achieve a gimbal lock condition.
The rniddle and outer gimbals become parallel and the output is not pre-

dictable. The AGCU has a similar function, which creates an effective girn-

hal lock. This occurs in both systems for a 90-degree yaw displacement

with respect to "the navigation base. The t;'DAI and yaw attitude set control

provides markings that will serve as a warning prior to achb_ving a girnbal-

lock condition.

Basically, the bodv-mom_ted atti£ud_e gyros (I3MACS), attitude gyro

coupling unit (_AGCU), and the IFDAI are the primary inertial sensing, com-

puting, and display elements of the strapdown system. Attitude errors in

roll, pitch, and yaw body axes are sensed by the bod'/-n-_ou_ted attitude

gyros. The error signa]s are conditioned and subsequently directed to the
FDAI for display of totgl attitude and attitude error. The major part of the

conditioning takes place in the AGCU which provides signal inpui_s to the

FDAI comparable to that of the IMU.

The AGCU section of the an=iliary electronic control assembly is the

primary control or computing device for tl_e SCS attitude _;eference subsys-.
tern. It performs n_ost of the inertial refe_'ence computations and performs
the _nathern.atical conversions and transform'nation, s required to display total

attitude and attitude error. The attitude gyro torquing loop, that the AGGU

eiectrornechanicai ele:men_s are a pa_t o[, perform the following:

Generate a pulse train that is equivalent to the total change in S/C

attitude

Provide two-direction.al control of resolver shaft angles

Provide torquing current for the attitude gyros

Provide forward and reverse conversion of tyro and attitude set

error signals to appropriate axes representation for ]7'DAI display,

and for gyro torquing.

The SCS rate gyros sense vehicle angular Velocity, and supply angular

rate signals to the system for rate stabilization and to the FDAI rate indica-

tors. The proper selection of sv¢itches wil] place the BMAGS in a backup-
rate condition, and provide rate signals to the FDAI rate indicators. When-

ever manual thrust vector control is selected, the _3MAGS will automatically

be placed in the backup-rate condition.

Attitude Reference Control. After a maneuver or a series of maneu-

vers, the STC attitude (body axes) is, each time, different with respect to
the inertial reference frame. Therefore, the requirement exists for a

method of resolving the ra_ations about the different body a__es, and

E
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establish a relationship between tile body axes and the axes of the fixed

- {_eference frame. This relationship is established through an Euler angle

- f_ ::ansformation process obtained from either the lh_U (stable element)_or

{.i$_estrapdown attitude reference subsystem. The Euler angle, then, is the

• resolved difference between the S/C body axes coordinates and the coordi-

hate's of the fixed inertial reference. The Euler angle attitude of the S/C,

as displayed on the FDAI, is with respect to the coordinates of the fixed

reference frame.

_-- - .• % i, ," • •_i_I

i! Lt
:1

:n •
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The conversion from body axes to Euler angle readout on the FDAI,

basically, consists of a forward transformation and a reverse transforma-

tion. (See figure Z.3-3.) The forwa_;d transformation is essentially body-

to-navigation axes conversion, then navigationaxes-to-Euler angle trans-

formation by resolvers in the AGCU. The reso].vers and gimbal servos in

the I_'DAI position the total attitude displays, resulting from the Euler

errors. The reverse transformation is essentially Euler angle-to-naviga-

tion axes transformation by resolvers in the AGCU, then navigation-to-body

axes conversion for signal application to the attitude gyro torquing ampli-

fiers. After amplification, the signals are demodulated and applied to the

gyro torquing coils which torque the gyros to null the original error.

After initial alignment to the IMU reference, the BMAG/AGCU loop

is opened by relay action and further positioning of the FDAI ball is pre-

vented, However, if the rotation control, for example, is displaced, the

loop will be closed and th.e FDAI ball will fol]ow S/C motion until the con-

trol is neutralized. The BMAG/AGCU loop will open and the ball will again

be stadonary. If in G&N mode, the ]TDAI beAl is always coupled to repre-

sent and follow !MU gimbal angles.

Attitude Errors. The FDAI attitude error indicators represent the

difference between actual S/C attitude and the inertial reference. The

error is referenced to the S/C body axes in all modes of operation, except

for G&N entry mode.

Signals that position the attitude error indicator of the FDAI come

from three possible sources. (See figures Z.3-3 and Z.3-4. ) In SCS modes,

either the BMAGS or the AGCU provide body axes error signals to the error

indicator meter movements. AGCU signals are applied when ATT SET is

selected on the attitude set section of the AS/GPI. This applies the body

axes equivalent of the difference between the attitude set resoIver shaf[ and

the AGCU resolver shaft.

When ATT SET is not selected, the outputs of the three BMAGS are

applied to the attitude error meter movements of the FDAI. Whether

from the BMAC]S or the AGCU, the error signals are directed to the metor

.::.__ STABILIZATION AND COl,Yf'ttog SYSTEM
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movements through scaling, range adjust, demodulator, and amplifier

circuits. The following chart provides mode versus full-scale error indi-

cations as read on the FDAI.

Mode 1_.o11 Yaw

Monitor _:Z5° :LI5 _15 °

SGS and G&.N Entry _Z5 ° :kS° ' °

All other modes :_5° ±5° j _:5°

When G&N modes are selected, the error signals are directed to the

FD.AI via the inertial coupling disp!_y units (GF)Us) and the attitude refer-

ence conversion circuitry, The roll and yaw channel signals are referenced

to either the navigation base axes or the S/G body axes. Conversion in the

pitch channel is not required. The capabilit? to reference the roll and yaw

channel sigr,ais to either the navigation base of S/G body axes.is required

go facilitate roll and yaw channel cross-coupling control, q-'hisis required

when G&N entry maneuvers are performed; in which case_ reference is

to the n_vigation base axes°

Rates. The following chart provides mode versus full-scale rate

indications as read on the FIDAI:

Modes

SGS Entry

G&N Entry

SGS LGL Vert or

SGS ATT Cont or

G&N ATT Gent

SGS and G&N V

Roll

-&Z5 °/sec

±l°/sec

-_5 ° /sec

Pitch

_5 °/sec

_I °/sec

+5 ° /sec

a'w

_:5 °/sec

_.I°/sec

, o:=5 /sec

SGS Attitude Reference Al_i_nment. Alignment of the attitude refer-

ence subsystem is performed by comparing the outputs of the total attitude

set resolvers in the AGGU with the attitude set resolvers of the AS/GDi.

The attitude set resoiver shaft can be positioned by using the attitude set

dials (thumbwheels) on the front of the AS/Gi_I. The dials indicate Euler

angle of the attitude set resolver shaft, and the output of the resolver is

the Euler angle difference between the attitude set reso].vers and the total

attitude resolvers in the AGCU.

(,:'<

_.
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When the FDAI ALIGN switch oi_ the AS/GPI panel is pressed, the

AGCU resolvers will align to the _ttitude set resolvers. ]Euler-to-

navigation axes transformation, and navigation axes-to-body axes

conversion takes place for the FI)AI attitude error display functions. In

SCS control modes, the attitudes indicated on the attitude set dials will be

indicated on the FDAI with respect to the navigation axes symbol and the

roll index.

Attitude Control Subsystem.

The attitude control subsystem (ACS) (figures 2. 3-4 and Z. 3-5),

essentially, provides the means for controlling spacecraft n:lotion. Control

is eitLer manual or alutomatic whe__._us[ng controlled inputs from the G&N

system. Spacecraft motion, other than drift, is initiated d_rough the use of

the S/M RCS jets prior to C/M-S/M separation.. After separation (ent#y),

the C/M fIGS jets are used. An attitude control logic chart is presented in

figure Z. 3-6.

There are four types of controls that the ACS contends with which to

satisfy missior± requirements. (See figures 2. 3-4 and g. 3-_7.) These are

rotation, translation, attitude hold, and rate damping only. Rotational

motion is required to establish navigational sightings with the G&N optics,

subsystem telescope and sextant for S/C alignmer, t prior to a veloci_y

change for TVC functions, for antenna orientation_ for T/C transmission

and reception, And for lift vector control (roll control plus pitch and yaw

rate stabilization) during entry.

Translation control for the ASZ04A mission is required for the

ullage function prior to SPS engine ignition.

Holding attitude (attitude hold) to a fixed reference (established by

the ARS) is necessary for navigational sightings, preparing for a velocity

change and ullage maneuvers. After establishing attitude hold, the S/C

mo_ion involved is the amount of drift tha_ the S/C _s allowed to rotate

about its axes. The drift is limited to a selectable minimum or maximum

deadband about all three axes.

Rate damping only provides rate stabilization during enImy or in the

event of an abort prior to launch escape system (LES) jettison. The

motions involved here are the finite firings of the RCS jets when rotational

rates exceed certain limits. The RCS jet firings will decrease the rates

to within predetermined limits. The rates are limited to 0. Z degree/see

for all modes, except SCS and Gg_N entry modes when the rates are

increased to Z degrees/second.

The ACS includes the roll, pitch, and yaw electronic control assem-

blies (ECAs), the delta V indicator, attitude impulse section of the G&N

optics control panel and, in addition, utilizes all of the physical elements

and functions of the attitude refere_ce subsystem.
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i SCSClRCUII
BREAKERS m

I[ SCS CHANNELPITCH AND YAW

l[ SWITCHES

_ ZTAIZ _-2

PITCH ROlL ROLL PITCH RAO&I_L YAW

........Roll ROLL]" !,_OLLI ____][.... L_.... I.... 1......

..... _-7--F_--_----r-Tr-<-d__t_,_ H_

UANEUVt:SNOT]_J,_!

APPLICABLE TO I l

ZZ.r-r
Dr ,-![<i"w Tir, .mw__IX°LLI ___L_LZ_I_._L

B&D IIpITGI41YAWiBS. fPITC,IIYAWl ...

"_°LLJL__I___L__I2 2L.

NOTES: 1.

2.

3.

CIRCUIT BREAKER TABULATION IS APPLIC,_BLE TO RCS ENGINES

AWOMATIC COIL OPERATION ONLY. FOR MANUAL DIRECT

COIL OPERATION, POWER IS APPLIED FROM SCS DIRECT COb'IT

CIRCUIT gREAKERS MN A OR MN B BY ACTUATION OF THE

PILOTS OR CO-PILOTS HAND CONTROLLER, RESPECTIVELY.

Combinations of translation and rolatlon maneuvers r_-.7uirlng lhe

simultaneous firing of identical S/M RCS er,glnes is proh!blted by

jet selection logic circuit design.

Minimum impulse operation is accomplished in the roll axis by two

eng'.,nr¢s only. Remaining engines are disabled by setting the A&C

ROLL CHANNEL switch to OFF and pulling one B&D ROLL circuit

breaker; or setting the B&D ROLL CHANNEL switch to OFF ard

pulling one A&C ROLL circuit breaker.

Fuel conservation and/or consumption balance behveen quads may

be accomplished by using ,_pplicoble SCS CHAI"JNEL ._witct-,es and

circuit breakers to select single-engine opemtlon in each direction.

SM-2A-782D

Figure g. 3-6. SCS Attitude Control Logic Chart
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The attitude control subsyste:a_ electronics is contained within the

roll, pitch, and yaw ECAs. The ECAs accept the manual and automatic

inputs, conditions them, and directs on-off electrical command signajs

through jet selection logic to appropriate.. automatic (normal) coils of the _ 7_'

RCS jets The output of the jet selection logic will be either a time- _ _: ,

modulated signs! or a steady-state +Z0-vdc signal. _!is,,,

There are basically two types of inputs to the attitude control sub-

system: manual and inertial sensor (.AGA.A, iIGA, fir|U). Manual inputs ara

pro_d.ded by the rotation and translation controls, switches on the SCS

control panel, attitude _rnpulse switch on the attitude in,pulse section of

the G&N optics control panel, and th.e direc[ ullage switch on the delta V

display panel. These cc.n.trols can be used for re_anua] ullage maneuvers or

as abackup during automatic delta V functions. The attitude impulse switch

commands inputs to th_ ACS and subsequent!y to the RCS jets for small

anguJ ar accelerations.

The inertial sensor inputs are provided by tl_e AGAA, IlGA, and the

IMU via the G&N system. The AGA.A (]3MAG) and rate gyroi-" (RGA) inputs

are used for attitude h.old, rate s_u.bi!ization_ and manual rotation control.

The IMU inputs provide G&N attitude hold and command rate signals for

_nanua] or automatic rotational maneuvers.

Rotation Maneuvers. Rotation rnaneuvers can be performed by using

four different types of manual controls or automatically by using the G&N

eom_.uter subsystem. Manual roi:_A:ion n_aneuvers are accomplished by

using [he rotation con_roi_ commonly called con_roi stick steeri:ag (CSS):

direct or emergency control which is a function o{ the rotation control,

attitude impulse control; and positio_ing of the inertia] CDUs. Automatic

n_aneuvers result frown s.stronaut inputs to the AGC via. the DSHY. The

AGC, according to con_puter program, auton_atica.ily positions the CDUs

and will con]n_and S/C n%otion to the progranu_ed attitude.

Normal CSS is a proportional manual function and is available at any

time in all operational modes. The n_aximun_ CSS propertioi_al rates that

can be con]_anded are as follows:

19 degrees per second (roll axis) entry n_ode

5 degrees per second (pitch and yaw axes) entry mode

0.79 degree per second (all axes) all. other triodes.

Even though CSS commands greater rates, the SCS dectronics will

limit the rates to those values given. Proportional control [s obtained by

using the rate gyro output to cancel the output of a transducer within the

rotation contro]., CSS proportional co_nnnands are ahvays directed to the

auto_natic solenoid coils of the RCS engines,

STA.18!LIZ.ATION A>ID CON Y_£OI_, S ._ o __EM
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When the rotation control (stick) is displaced, a transducer within

the stick wi!! command a rotation proportional to the amount of stick

displaceme:i,.t. The rotational rates are limited to predetermined values,

depending o.n the operational mode.

When in SCS attitude control, mode and as the stick is displaced

approximately Z. 5 degrees from neutral, breakout switches within the

stick close causing the BlviAG a_d the A GCU to become closed loop. It

also.inhibits BMAG error signals to the SCS electronics. As the S/C

rotates, the AGCU applies torquing current to the BNIAG torquer coils.

The gyros, then, are torqued at a rate proportional to the magnitude of

BMAG error, keeping attitude error at approximately zero. Thus, the

AGCU will follow S/C motion and establish a new attitude reference when

the stick is returned to neutral.

When in G&N attitude control mode, a G_lq SYNC switcl_ must be

energized to enable the attitude hold function when the control stick is

returned to neutral. The C,_N sync function provides IMU/CDU closed

loop operation which keeps attitude errors at approxi_nately zero during

the maneuver. Consequently, the S/.C will hold the new attitude when tile

stick is returned to neutral. If G&N sync is not enabled, the S/C will

return to the attitude established before stick displacement.

NOTE For the ASZ04A n_ission the G&N SYNC switch will remain

OFF for the entire mission.

The computer program will control the actual n_aneuver rate, but

the SCS will limit the maximum. The rnax.imun_ _-,on-entry rnaneuver rate

is 10°/second and entry ma_euver rate is 17°/second in all axes.

Direct rotation control is a nonproportional function whereby initiated

commands are applied directly to the RCS direct coils. To accomplish

direct rotation, the DIRECT RCS/OFF switch (MDC-8) is set to DIRECT

RCS; the SCS-CHANNEL switches (MDC-8) a.re set to OFF; if high rates

are to be maintained, and the control stick is rotated about the desired axis

or axes to hardstops. Just prior to engaging the hardstops, a switch, closes

and applies a direct command to the RCS direct coils. Rate feedback is not

used to cancel stick movement. The breakout switches, however, close

the BMAG/AGCU loop, and attitude error output to the SCS electronics is

inhibited. With proper control and sv,'itch configuration, direct control is

available at any time.

The attitude impulse control (G_zN optics control, panel) provides the

capability for commanding low-rotational rates about all three axes.

Attitude impulse control is available only it, SCS or G&N attitude control

modes a_d is used primarily for precise attitude maneuvers during naviga-

tional or star sighting periods. After the control is enabled and displaced,•

a switch closure in the control and an RC network combination generate one
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pulse, which is applied to the RCS jet selection logic. One pulse is

generated for each attitude impulse switch closure (control displacement),

It is not a proportional control and attitude hold is not available when the

control is returned to neutral, When the control is enabled, relay action _'_

removes all rate, attitude error, and rotation control inputs to the SCS

electronics. _:_

Automatic positioning of the CDUs is accomplished by using the

DSI<Y. This method of control is primarily used during G&N entry.

Translation ManeUvers. There are three methods of initiating trans-

lation maneuvers: normal• translations, using the translation control;

direct ullage, using the direct ullage buLton on the delta V control panel;

and separation ullage, using the translation control.

Trar, slation commands are nag proportional; operation is through

switcll closure only and is available during all modes o:[ operation prior to

C/M-S/b{ separation. During normal translation, switch closures within

the translation control provide cornn-_ands to the jet selection logic which

fire the appropriate jets for the desired direction of translation. The

corn_mands are directed to the auton_atie RCS engine coils. A primary

function of normal translation is the ullage maneuver, which is necessary

in preparadon for a velocity change. Ullage Fnaneuvers require translation

along the +X-axis.

]3irect ullage is accon_plished by using dm DIRECT ULLAGE push-

button en the delta. V control pane!. When pressed, switcl- closures

eo_m_mand the appropriate direct ]%CS coils to initiate translation along the

+X-axis. Direct ullage is available at any time prior to C/___4-S/h4.

separation. Upon C/IvJ.-S/M separation, the direct ullage function to the

C/Wi pitch and yaw direct coils is inhibited by deadfacing. It is primarily

a backup operation in the event of normal trans].ation failure. Ullage will

continue as long as the DIRECT ULLAGE pushbugton is pressed.

The separation ullage function requires a CCW rotation of the trans-

lation control into a detent position. Ullage commands are directed to the

direct RCS coils. The separation ul]age maneuver is performed when

SPS aborts are necessary or when S-!VB separation is required. If the

LES has been jettisoned, the signal from the translation control in CCW

detent will command the sequential events control system (SECS) to

sequence the separation ullage and consequent separation from the S-IVI?,.

If the LES is attached to the S/C, the same command will initiate a LES

abort.

In G&N and SCS rncdes: a clockwise rotation of the translation control

into a detent generates a CSS logic signal _hat inhibits attitude gyro signals

from the SCS electronics, and provides BMAG/AGCU closed loop oi)eration.

It also initiates m_4nual thtust vector control (MTVC).

/
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The CW rotation enables capability for manual roll control by the

rotation controller during G&N entry. This is normally an automatic

function of the G&N system and entry program.

Attitude Hold. Attitude hold is a capability of the ACS to hold S/C

attitude within selected deadband limits of a fixed reference attitude. The

deadband (amount S/C is allowed to drift either side of reference attitude)

is selected by setting the ATT DEADBAND switch on MDC8 to either MAX

or MIN. In the G&N or SCS entry modes, however, the deadband will be

maxiiYmm regardless of deadband switch position.

The ACS accomplishes attitude hold by inputting summed attitude

error and rate gyro signals to the jet selectio1_ logic, which will turn on

appropriate jets to keep the S/C within the selected deadband. The attitude

error signal is conditioned by a deadband circuit and rate limiter before it

is summed at the input of a sm_-_ming amplifier with the rate gyro signal.

When the summed input to the s.rnplifier is greater than its threshold, the

amplifier will cause a switching an_plifier to pulse the jet selection logic.

The lower the angular rates; the close} the S/C is allowed to drift [o the

deadband limits. As a_gular rates increase, the summed error/rate

signal increases in magnitude proportionate to time. Therefore, the sooner

the threshold of the summing amplifier _s reached_ the sooner the jets will

fire, damping the oscillation.

A limit cycle swftch on iVLDC8 can be used to,provide tim.e rnodulated

pulses to the jet selection logic. Limit cycle is primarily used for fuel

conservation purposes. The limit cycle swi£ch ei_.__bles a psuedo rate _ -_

back c{rcuit at the output of the switching annplifier previously discussed.

The psuedo rate, and consequently the time-n_odu/ated pulses, is a function

of signal magnitude at the switching amplifier input. For large signal

inputs, the output pulses will cause the RCS jets to pulse at a higher

frequency and for longer periods. As the error decreases: the pulse

widths and frequency decrease proportionately until the error is hulled.

The psuedo rate loop is normally used at all times (limit cycle on)

when an inertia], attitude is being maintained.

Attitude hold is available at all times in three axes, except during

monitor mode and SCS entry mode after the 0.05 G switching. During

G&N entry after 0.05 G switching, roll attitude hold is still enabled.

Yaw and pitch attitude hold is inhibited.

Rate Dampin$i__0n_z In addition, to. attitude control and maneuvering

capabilities, the ACS provides a rate damping only capability. Although

rate damping is a normal function during a_:titude control modes, rate

damping can be used to limit S/C rotational rates (rate stabilization) when

attitude hold is not being used. Normally, when S/C rotational rates

exceed 0. Z degree per second in any axis, the rate gyros or the Bk4J_G in
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backup rate sense the angular acce]ezations. The signals, conditioned

via the roll, pitch, and yaw ECAs and through jet selection logic, are

applied to applicable RCS engines to keep the S/C rates within the

0. Z-degree-per-second rate deadband. If in SCS or GSzN entry mode,_ __-!!!

the rate d.eadband is increased to Z degrees per second. Rate stabilization, .i<

in addition to the attitude cozitrol functions, is available when any of the _ii_.:.._::ii:_

folidwing condition s exi,_ t:

Selection of monitor :node after S--IVI3 separation

Selection of monitor mode for LES aborts

Clockwise rotation of translation control after S-IVB separation

_ SCS entry mode after 0.05 G switching

GSzN entry mode after 0.05 G sh, itching (pitch. and yaw axes only},

Thrust Vector Control Subsystem.

The purpose of the thrust vector control (T_VC) subsystem (figures

Z. 3-4 and Z. 3-5) is to align, or position the gimbaled SPS engine to a trim

position prior to SPS thru_tin.g ann maintain ti_is trim durh_g the accelera-

tion period. The S/C experiences a changing ce_%ter of gravity (c.g. }

caused by the consum.ption of fuel and oxidizer a,ar_.ng acceleration. The

TVC subsystem maintains the S}°S engin.e thrust vector through the c. g.

and holds S/C attitude so that the thrust vector will remain in the

desired direction. This compensa'_tes for undesirable forces that affect

S/C stability because of the shifti>,.gc.g. Thrust. vector centre], in addi-

tion.to the TVC subsysten% utilize e_the functions of the GhN cystem, the

prooulsJon svstex_s and the SCS attitude reference and at_itu_,e control

subsystems.

The TVC subsystem essenti_l]y con.trols the SPS engine gimbals, and

consequently the thrust vector, by energizing the gimba.! actuators; one for

pitch an.d one for yaw.

The nori_al method for controlling thrust is through the G_N delta V
" -_: th e

mode. This provides the most accurate control. The accelerome_e_., on

IMU stable element and the AGC provide steerSng comm_.nas to the SPS

engine giml_als and continuous trajectory corrections to compensate for
undesired accelerations. The AGC also corn_ pensates :for the near-body

orbital and gravity affects on the S/C. So, the actual versus required

velocity change will result in a curved trajectory.

Normal!f, bothG&N delta V and SCS delta V modes operate by dri.ving

No. ! and No. Z serve electronics. If a failure occurs in No. 1, an auto-•

matic switchover to drive No. 2 serve electronics and No. Z gimba! motor

will occur. Or, No. Z will drive if No. i is switched off or if manual thrust

vector control is initiated.

<i
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A zT_anual method of thrust vector control is provided to control the

position of the SPS engine gimbal. When operating manually, inputs from

the rotation control, translation control, and the BM_A_Gs are directed to

redundant servo electronics No. Z and the No. Z gimbai actuator motor.

The nominal authority from either rotation controller is _6 degrees of SPS

gimbal engine deflection.

The gimbal position display section of the AS/GPI panel, the delta V

display, SCS control panel, rotation control, translation control, and the

SPS switches on MDC-3 are the principle controls and displays associated

with TVC. They provide the capability for control and monitoring of

system perforrnance.

Thrust Vector Control. When G&Ndelta. V rhode is selected, auto-

matic thrust on-off, attitude, and ste.ering con_rnands initiate in the G&N

system. However, before the ullage maneuver and thrust-on, the g_n_bal

position trim control thun_.bwheels on the AS/GPI are used to position the

engine gimb_!s. The engine position is verified on the AS/OPI visual dis-

play. The gimbals are aligned such that, at the mo._._ent of thrust-on, the

thrust vector will be through the S/C c.g. This is necessary before any

delta V to prevent undesirable rotational movements about the c. g. when

thrusting begins.

In addition to initial positioning of the gimbals, the amount of accel-

eration required for the velocity change less tailoff is set into the delta V

remaining counter on the delta Vdisplay. This allows the crew a method of

monitoring delta V remaining and, when in SCS._V n_ode, pr(_des auto-

marie thrust-off capability. A coincidence switch in d_e delta ¥ display

will, by inhibiting the thrust on logic, automatically terminate thrust when

the _V remaining counter indicates zero. The acceleron_eter in the AGAA

senses +i acceleration., and supplies acceleration signals to tbT_ing and out-

put logic which subsequently drives the delta V remaining potentiometer

to zero. The accelerometer thrushold is 1 × 10 -4 g, but the AV counter will

only step once for each 0. Z5 +t/sec velocity change.

NOTE it is possible, but not recommended, to have SPS engine

ignition without ullaging when in SCS zXV mode.

Prior to SPS ignition, the G_N system inputs attitude error informa-

tion to the ACS to hold the S/C at a constant attitude in all three axes.

Attitude errors from the G&N system and rate information frorn the SCS

rate gyros are also applied to the SPS gimbal servo loops. Upon engine

ignition, the combined attitude error and rate gyro inputs, conditioned by

the servo electronics, reposition the gimbals as necessary to rotate the

S/C to compensate for c.g. shift. The girnbal position is also modified by

steering commands from the AGC so that the thrust vector will point in

the right direction for the curved trajectory.
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The BMA.G/AGCU loop remains open and follows IMU changes so that

the SCS will have the same inertial reference in the event a switch0ver to

SCS deita V mode is necessary.

Normally, G&N delta V mode utilizes the primary gimbal serve and

actuator motor No. 1. If the gimbal motor switches on MDC-3 are acti-

vated, a TVC monitor signal generator (over-undercurrer:t sensor) in the

actuator will sense a failure of motor No. 1. If motor No. 1 fails, the

sensor will automatically cause a switchcver to motor No. Z in the

actuator. Since the No. g serve electronics are driven simultaneously

with No. l, an interruption during the velocity change will not occur. Motor

No. Z a!so contains a TVC monitor signal generator, but is' not used. In

the event of motor No. g failure, causj.ng an excessive curr.ent drain on

the d-c bus, a 70-ampere circuit breaker in the line will disconnect the

motor from the d-c supply bus. Motor ,_o. Z has no switcbover or warning

light capability.

In SCS delta V mode, the gin-_bai serve loops fu:.'mtion the same as in

G&N delta V mode. Attitude error information, however, is derived from

the BIVLAGS. The rate loop is identical, unless in backup rate condition.

SCS delta V wiit not function if the BMAGS are required for backup ra1:e

because of the loss of attitude error information.

, t: ')i'

SCS delta V keeps the thrust vector through the c. g. by first com-

paring the trim. position commands set by the timbal position thumb-

wheels a_d the position, tral._sducer feedback signals. The difference,

combined with attitude error information from the BMAGs, conditions the

serve electronics to energize the actuator clutches.

Except for mode selection and thrust-on requiremen.ts_ the san_("

prerequisites for thrust-on, and the control and display functions are the

same as for G&N delta V. The SCS system does not provide automatic

thrust-on. A thrust-on switch on the delta V display provides the thrustJon

corn:nand for SCS delta V _od.e. Thrust-off, however, is auton_atic by

closing of the coincidence switch. A. NORB4AL-OFF-DIRECT--ON switch

on the delta V display is also provided for manual thrust-on and serves as

a manual backup for all automatic thrust-off con_mands.

If the translation controller cannot be used for the u!]age n_aneu_,er

prior to thrust-on, a DIRECT ULL.AGE switch on the delta V display pro-

vides a manual backup to initiate u.lage.

A. manual delta V can be performed, providing a delta V mode has

been selected and the t_,'a.nslationcontrol is rotated CW into detent. This

ten, eves all norn_al i?_.puts into the TVC serve loops, al]o\vs connmanded

inputs fron_ the rotation control, aud rate data from the I_,]vI.iGsin back(q)-

rate condition, into the redundant No. Z serve electronics and n_otor 9_o. Z

of the gi_<qbal actp.ators. This provides rate-stabilized manual control of the

thrust vector. Thrust-on is initiated by the momentary thrust-0n switch

located on the delta V display.

q
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The rotation control must be held to a given displacement to control

the ginnbals about the initial trim position established by the settings of the

AS/GPI. The GPI provides the only indication of the position of the gimbal

angles with respect to the S/C body axes.

FLIGHT CONTROL PROFILES.

There are three basic flight control profiles associated with mission

ASZ04A. These include powered fligi_t, coasting flight_ and entry. Within

these profiles, various modes of operation are established either within the

atmosphere or in earth orbital environ_nent. 13ecause of the division of

powered flight, i.e., ascent and earth orbital environment_ the description

is divided as follows:

Ascent (including aborts)

Coasting flight (earth orbital}

Powered flight (earth orbital)

E_try (nonpowered atmospheric fligi_t).

As the various operational modes are discussed, reference will be

made to figures Z. 3-4, Z. 3-5, and 2. 3-6. A typical control channel yaw

is shown in figure Z. 3-4, sheet Z; therefore, differences not typical to the

yaw chan_el will be clarified.

It shouid be noted that relays in figure.s Z. 3-4, Z. 3-5, and Z. 3.-7 are

not relays of the actual system by number. However, the relay r_omencla-

ture is system oriented and n_ay be cross.-refcrcnccd by using the foiiowk_g

chart.

Fig. 2. 3--4, 2. 3-5,

Z.3-7 Relays

K1

K2

K3

K4

K5

Function

ORBIT RATE

FDAI ALIGN

G&N ROLL, PITCH, YAW

ATT SIN AND COS

AGCU CAGED

AG CU ALIGN

S _ System_j.D

Relay

Z4AI4K3

Z4AI4KI

24AI4KZ

Z ZA 16A 3K4

ZZAI6AgK6

ZZAI7AgK4

22AITAgK6

ZZAIgAgK4

ZZA!8AgK6

ZZA8Ki

2ZA8KZ

ZZA8K4

Z2A8K5

ZZAgK6

2ZA8K7

kt

]
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r."_o. -'_3-4, Z._a-5,

Z. 3-7 Relays [ Function

1<6

K7

K8

K9

K10

KIi

KI Z

KI3

KI4

K15

KI6

KI7

KI8

KI9

KZ0

K21

KZZ

KZ3

tIZ4.

AGCU P/Y ERROR

R G&N ERR/A.GCU INll

G&N P ERR

Y ERR GhN BODY

G&NP, Y_ ERR S.E.

ROLL_ PITCH, YAW ERR

AGAA

MONITOR + G&.N .&V + GhN

ATT CONTR [ G&N ENTRY

q, 05G MANU/_L + _,5]

YAW B/U RATE

ROIJL, PITCH, YAW, B/U

RATE

IvlTVC RT OUT

ROLL, Pii Ci!, YAW

RATE

Y/P RT SF

R-Y RT CPLG

RT IN TRANS

EN 7} GAIN

G &N A'r T IN

AGA.A ATT IN

D-B CHG

RJC ATT SW

G&N MIN IMP ENABLE

PSU]ItDO RT CO

RCS LATCtt!NG RELAY

ARMFD

(frET DVRS ENABLED)

SAFE

(JET DVRS DISABLED)

1.8 SEC LATC]I

SCS System

Relay

ZIA3K2

2ZA3K3

ZOA3K3

ZIA3K3 !

ZZAZOA3KI

ZZAZ1A3K!

ZZAZOA3K4

22AZIA3K4

22AZ3A. 3K2

ZZA9KI

ZZA9]<Z

ZZA13K1

ZZA13KZ

ZZAI!Ki

ZZAI ii<2

ZZA9K3

ZZAI l}i3

ZZA 1 ZK 3

ZZAZOA.3

ZZAZ]A3K

2ZAZZA3

Z3AI IK2

Z3AI9KI

Z3AI9K]

19AZ6K ]

Z3AISKI

23A15KZ

23A17KZ

23At9KZ

Z3A19K3

Z3A15K3

Z3A1 !K1

Z3A13K

Z3A] 3K

MESC Z19

MESC Z8

[{ST[::

i}.,
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Fig. Z. 3-4, Z.3-5,

Z. 3-7 Relays

fig5

KZ6

KZ7

KZ8

KZ9

K30

K31

K3Z

1433

K34

K35

K36

K38

Function

MAIN DEPLOY

AUTO CONT INTER

ENG IGN

SYS GRD CK

SCS AV MODE

ENG IGN

MTVC ENGAGE

TVC ELEC TRANS

SERVO NO. 1 DISENGAGE

SERVO NO. Z ENGAGE

ENTRY

AV INI-i

TPtRUST ON LAMP

SCS System

Relay

MESC ZIg

g3Al IK 3

Z3AZIKZ

Z3AZIK3

Z3AZIKI

Z3AZ7I< i

Z3AI8KZ

Z3AZ5K 1

Z3AI4K]

Z3AISKI

ZZASKg

ZZAZ _--_%31<_6

ZZAZOA3Ko

Ascent.

mode with all subsysiems active,
During the ascent phase, capability exists for monitoring boost

vehicle stability. The SCS is in a n_onitOrol purposes for the f!rst 61 seC

but supplies no active cornn_ands for contr
-A_ _ ;l{ght After 61 seconds, if aborts are required, the SCS will be

used to supply signals for S/C stab11).zaclon and con:_ ....

Monitor Mode.

The monitor mode provides the capability of monitoring deviations

from prograrnrned launch vehicle attitude prior to S-IB separation and

CSM attitude after S-IVB separation. The S--IVB utilizes a different gu id'-

ance technique and monitoring C/M instruments relative to S-IVB operation

provides no useful purpose. Monitor mode alsoprovides rate stabilization,

when required, any time during the rnissiono

Normal Ascent. At time of launch, RCS )atching relays in the SECS system

will be open to inhibit cornn_ands to the RCS jets. Relays K4 and K5 will be

closed, providing BMAG/AGCU closed loop. The FDAI will be fo].iowing

IMU gimbal angle changes. The rnotor odriven switch 5 (figure Z. 3-7) is

set to the S/M position when the RFJACTON CONTROL S _ZS-'rRANs

C/M-S/M switch on MIDC - 16 is set to S/M.

Total• attitude and attitude error signals from the iMU and inertial

CDU (figure Z. 3-4, sheet 1) are applied to the FDAI through relays K3,

KT, and KS, respectively. Attitude error signals represent deviations

from the trajectory for the first stage booster only. The SCS rate gyros

apply attitude rates to the SCS electronics directly and to the FD.Ai via

r ela1_ KIZ.
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The X-axis _ccelerometer will be active, but its output will be used

only if an abort delta V is required. The TVC subsystem is activated to

hold the SPS engine thrust vector through the e.g. 5n the event of an SPS

abort, and _o keep the nozzle centered and stationary within the adapter.

The SPS engine gimbals are aligned to null offset (pitch +0.4 degrees and

yaw +3.6 degrees) prior to launch. Quiecsent current o:_ the gimbal

motor clutches maintains these angles during ascent.

LES Abort. If an LES abort is initiated (61 seconds or more after lift-off)

requiring SCS operadon, the SCS is enabled one second after LES ignition.

The SCS is enabled by the arming of the RCS latching relays in the SECS,

and the S/M-C/iX.,[transfer switch will be driven to the C/M position. The

RCS latching relay will open by the operation of a barometric switch at

approximately Z4,000 feet during descent and will disable active commands

to the C/Ni RCS. Besides rate stabilization, specific comrn-_nd inputs to

the SCS above Z4,000 feet will depend on altitude a_-_dother factors.

SPS Abort. An SPS abort would be initiated after the LES jettison. The

translation control is rotated CCW into detent and "d_e switch closure will

cause the MESC" to command a +X translation (separation ullage) via the

direct coils of the S/M RCS. The direct coils are activated through the

RCS transfer switch.

Before separation from the S-IVB, a de]is V h_ode must be selected.

For an SPS abort, alignment of the SPS engine gimbals is not required

since d_e/ we_e prese¢ prior to launch and _o propellant has been consumed
A+ _ .... _,+_,_ _,or + can. h_ ._s.de _o e_r_J_ orbit or to a downrange

landing site.

Coasting Flight (Earth Orbital).

The coasting flight profile ranges from a free-drift configuration

(no control) to monitor mode (passive) to attitude hold (active control).

The following paragraphs describe the various modes re].ative _:othe earth

or bits! envir onto ont.

G& N Attitude Contr o1..

GS_N attitude control will provide inertially stabilized attitude by

utilizing the attitude reference and attitude control subsystems. Attitude

data is obtained from _he inertially referenced IMU. Relays K4 and !<5

provide BM/_G/AGCU closed ].oop so that if SCS attitude control is selected

the AGCU will have the same reference as the IMU for control, and display

purposes.

Attitude errors frmn the inertia] CDU through relays K7 and }<8 a_.'e

applied to the .FDAI and SCS electronics for attitude error display, and to

provide attitude corrections. The errors from the CDU are the difference

between the IMU girnbal angles and the corn:_.anded output of theAGC.

Total attitude from the IMU is applied to the FDAI via relay Ii3. The

.<i Mission
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attitude rates from the SCS rate gyro and relay KIZ will drive the FDAI rate

indicator at a scale range of :kl degree/second.

The maximum deadband limit is normally set for G&N attitude control. _

If navigation sightings are required; the minimum deadband may be

selected. The G&N system and SCS attitude control subsystem will main-

tain attitude within the selected deadba.nd limits.

Maneuvering_: Automatic maneuvers may be executed by inserting
commands into the AGC via the DSI<Y. The S/C will automatically maneuve_

to the computer.-commanded attitude. The SCS will follow the attitude error

signal inputs from the C_U in response to AGC inputs for maneuvering to

the commanded attitude. Manual maneuvers can be co_-nmanded with or

without attitude hold.

In G&N mode, relay I<18 (figure Z. 3--7) is open. Relay KI7 is closed.

Relay KI8 inhibits BMAG inputs and allows O&bI attitude error signals into

the jet selection logic for the attilude hold function. [When the rotation con-

trol is displaced, the breakout switches open K17, inhibiting GhN signals

and allowing proportional command (rotation control plus rate gyro)

signals into the jet selection logic_ \Vhen the control is returned to neutral,

relay KI7 closes and the G&N attitude hold function is restored, provided

G&N sync is active.

Translation in all axes can be commanded by the tra.ns!ation control.

As shown in figure 2. 3-5, switch closures, within tl,._control apply con_-

_.re_,t_y to the selection logic _>,_,4 _-b_,_o-_l_r> to l:bem_,n)d signals _' - ' jet ............. : ........ ..
auto RCS coils. Attitude hold is a normal function when translations are

initiated, using the trans].ation control.

The direct ullage switch on th 9 delta V display is a backup for +X

translations. When this switch is activated, the signal is applied directly

to the RCS direct coils. Attitude hold is not a function of direct _d]age.

Attitude impulse control (panel 105, LEB) is a manual control

capability for G&N and SCS attitude control modes only. Each displacement

of the attitude impulse control (figure Z. 13-4, sheet 3) provides an output

attitude impulse command to two RCS engines for a duration of 18_-4 ms.

The pulses command body angular rates of approxi_nately 3 arc rain/see.

G&N Local Vertical.

The G&N local vertical mode is an extension of O&N attitude control.

The purpose of this mode of operation is to accurately maintain the S/C

]<-axis at a fixed angle with respect to the local vertical (relative to the

earth surface) while maintaining the S/C Y-axis normal to the orbital plane.

The O&N local vertical mode is an AGC-comrnanded function. A computer

program (not available for ASZ04A mission) is called by the astronaut by

DSI<Y entry. After IMU alignment, with the s/C X-axis in the 8irection of

the desired orbital path, the computer program provides an orbit rate

f,
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source to command torquing of the IMU at a rate that wil] maintain the local

vertical attitude. This mode may be used to make navigational sightings of

earth landmarks by keeping the G&N optics within the area of the earth

surface.

SCS Attitude Control.

SCS attitude control mode will hold the S/C at an inertial-referenced

attitude and will limit S/C drift to the selected deadband limits, normally,

15 degrees in earth orbit. If SCS attitude control is selected after a G&N

at:titude control function, the attitude reference subsystem is aligned to the

IMU (/_MAG/AGCU closed loop). If not, an FDAI/AGCU align function, is

required.

When SCS attitude control is selected, G&N inputs are removed from

the FD_.! and SCS electronics. The following relay contacts (figure Z. 3--4,

sheet Z) are ac_ivated to supply SCS-generatedcomn-_ands for display and

co_.tr o! purposes.

Relay Ii4 open--lZDAI ball stationary

Relay K]Z--Applies body rates to FDAI

Relay K3 closed to AGCU--AppIies attitude errors to FDAI

Re]ay KllB--App_ies attitude errors to SCS electronics

F!0AI/AGCU AIJ.__: If the AGCU has not been aligned to the IMU or if a

new attitude reference is desire@ w]_ile in SCS attitude control mode, the

ast_'onsut w_]! determine S/C attitude from star sightin_s or from the

MS]_'N. Inertial angles are dialed ir_to the AS/GPI with the ATTITUDE SET

dials and the I_DAI ALIGN pushbutto:_ is pressed. Relay KZ closes and the

AGCU and FDAI ball will drive to the selected attitude.

Manual Maneuvers. After AGCU reference has _oeen established, the S/C

can be maneuvered i:o the desired attitude reference by flying out the

errors, using CSS. The ATT SET/OFiF switch is activated, relay 1(Z3 is

activated, _he RCS latching relays are closed to the S/M RCS, relays K6

and _K9 close, and I(Z0 will open. Attitude error, equal to the difference

between __TTITUDE SET dial position and AGCU resolver shaft position,

is then applied to the FDAI from the AGCU through I(6. Attitude error

from the ]3M_G is removed from the IPDAi when I_9 activates. When the

rotation control is moved out of detent, CSS commar_ds are applied through

the A.CS to t_e jet selection logic and auto coils of the RCS engines. At

the same time, relays 1(4: and K5 close providing BMAG/AGCU closed loop.

The BM_(]s follow S/C rotation and repositions the FDAi ball. When the

rotation control is returned to neutral, tl_e BMAG/AGCU loop is opened,

relays 1(4 and I(5 open, and the new attitude will hold \_,ithin the selected

d eadband.

_[.i b i:
L :

STABII,IZATION AND CON'Tt_OL SYSTEM

i [S{i ]',iiss ion 13a s fc :lDate
Page

2. 3-47



<!i

-i 11

!%!i

SMZA-03-SC01 Z

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

n

J

]

;ii

;I

'2

J_

'i}

2.3.3.2.4

Z.3.3.3

g. 3. 3. 3. 1

When the ATT SET/OFF switch is OFF, relays K6andK9 de-energize

and attitude error signals from the BM_Gs are now applied to the FDAI and

ACS. If further attitude changes are desired, they can be accomplished by

using CSS. The BM_AG/AGCU loop will be closed, and opened when the rots-

tion control, is returned to neutral. The attitude error needles will indicate

the difference between the AGCU and the S/C attitude. The error needles

are fty-to needles and will be at full scale if the error is greater than

5 degrees. To fly out the error, the astronaut must fly-to the needles or

use the FDAI ball markings until the needles come off full scale, and then

fly-to the needle to null the remaining error.

Free Drift. Free drift is normally used duringextended periods of time

_,hen power and RCS propellant conservation is desired. Free drift can be

established in either attitude control mode by plS.cing the SCS CI-L%NNEL

switches to OFF, inhibiting all command signals to the RCS auto coils.

With an. SCS attitude mode selected and an SCS CHANNEL switch to OFI_"

(PITCH or YAW or A&C ROLL a_sd ]3&D ROLL), relay action closes the

BMAG/AGCU loop and updates the ARS while drifting. However, if one

BMAG is placed, in backup rate and a channel switch is off, relay action

rat e cages the rernaining.BMAGs and opens the BMAG/AGCU loop, thus,

preventing the ARS from being updated.

SCS Local Vertical.

SCS local vertical mode is an extension of SCS a'gtitude control. Its

purpose is to maintain S/C attitude with respect to the local vertical. When

the LCL VERT/OFF switch on M_DC-8 is set to LCIb VERT, relay ]il e__er-

gizes and an orbit rate source with a preset level is applied to the ]3NiAG/

AGCU servo loop. At present, the preset level established for the orbit

rate source is most accurate for a 100-r, mi circular orbit and will maintain

the attitude reference system at the local vertical wifh torque rates of

Z46 degrees/hour, or 4. 1 degrees/minute. It will maintain an approximate

attitude when the AGCU is aligned to represent S/C attitude when the S/C

XZ plane is parallel to the orbital plane at the time LCL VERT is selected.

All three RCS channels must be enabled for the local vertical mode.

Modifications of the local vertical attitude can be made using CSS. The

transl.atior_ control is also active and available during this mode of operation

Powered Flight (Earth Orbital).

Powered i,_g t includes those modes that provide the capability for

velocity changes using the SPS engine. Included in the following discussion

are the G&N delta V, SCS delta V, and the manual delta V modes.

G&N Delta V.

G&N delta V mode is the normal method for velocity changes. Prior

to engine ignition, however, G&N attitude control mode must be cstahlished.

E
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System relays apply the foi]owing (G&N/SCS switch on MDC-8 set to G&N

and ATTITUD][;/IviONITOR/ENTRY switch set to ATTTTUDE (figure Z. 3-5,

sheet l) )"

Relay }<7 and K8--Attitude error from CDUs to FDAI _{.:::_._r

Relay l<9--Attitude error fro,-n CDUs to SCS electronics I!2,,ii:_

o Relay I<3- Total attitude from IMU to FDAI ball

Body rates to ]FDAI and SCS electronics
t

e RCS latching relay in MESC closed to RCS system

The FCSM-SCS-RESET/OVEI_.I<IDE and G&N-RESET/OVERRI]DE

switches on M.DC-Z may be se_ to SCS and G&N positions. These switches

provide an automatic monitoring of SPS engine combustion performance.

If rough combustion occurs, the SPS ROUGH ECO warning light on MDC-10

will light and engir_.e thrust will terminate. A restart can be made by

resetting the FCSM switches and then setting them back to SCS and G&N.

Or, the monitor can be bypassed by setting theFCSM switc._es to

RF.SET/OVERRIDE.

Attitude in'formation from the IMU is displayed on the EDAI bali.

Attitude errors from the CDUs are also applied to the I:']DA! (±5-degree

scale) and are used by the SCS to control attitude in response to _._,_,corn

mands, l_otationai rates are displayed by the FDAI rate indicators with a

scale range of _:5 degrees/second. The computer-c'ontrolled velocity

change will be monitored on the delta V d_splay. The required velocity

less tailoff will be set into the delta V display by d_e Z\V SET switch, using

ve]ocJ/y J.nforn__ation obtained frem the O&b T system or MS!_'N. L_,.nin-,um

deadband is set on MDC..8: the girnbal motor switches, and the inject

pre-va].ve switches on N4_DC-3 are activated.. The SPS gi_mbal trin_ angles

are determined, set into the AS/OPI by the giznbal position thunnbwheels,

and gimbal position verified on the GPI. The NORMAL/OFF/DIR 'ECT

switch on the delta V display is set to nor_nal.

Approximately 15 seconds prior to ignition, after the digital event

timer (ivLDC-5 and 8) has been set for countdown, the astronaut •will com-

mand a +X ullage using the translation con.trol. A.t T : 0, the AGC will

command a signal through the thrust on-off logic and enable the solenoid

drivers of the TVC subsystem. The so].enoid drivers wii]. then activate the

SPS engine ignition coils and SPS thrusting will occur. The ]amp portion of

the THI<UST ON switch on the delta V display will light, verifyir.g the

automatic computer command.

System delay (AUTO CONT INTER) logic will terminate the RCS

ullage approxhnately one second after SPS ignition. The compuier will

command pitch and yaw attitude of the SPS gimbals via the TVC to control

the thrust vector. Roll commands \rill be applicd to the roll RCS during

the rnaneuvc r.
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When the delta V remaining counter indicates zero, thrusting will

terminate and the THRUST ON light will go out. The NORMAL/OFF/

DIRECT ON switch will be set to OEF and the SPS motor switches, inject

pre-valves, and the TVC electronics will be de-activated. Approximately

one second after thrust terminates, pitch and yaw control i.s transferred

back to the SCS for the attitude control function.

If a malfm_ction occurs during the maneuver, a switchover to SCS

delta V will allow continuation of the velocity change. If there is no response

from the translation control at ullage initiation, the DIRECT ULLAGE

pushbutton on the delta V display may be used. for the ullage maneuver prior

to ignition of the SPS engine. Also, if au.tometic thrust-on does notocc_:,r at

T = 0_ the THRUST ON pushbutton on the delta V display wil] provide engine

ignition.

SCS Delta V.

SCS delta V mode is a prh-nary backup for the G&ixl delta• V. Pre-

liminary to engine ignition, SCS attitade control is established by setting

the G&N/SCS switch on MDC-8 to SCS° After SPS engine ignition, the SCS

uses S/M RCS roll jets to maintain roll attitude and applies commands to

the SPS engine gimbals to control the thrust vector. Relays in figu,"e Z. 3--4

apply the following (RCS latching relay in the SECS is closed to the S/M RCS

throughout the nqaneuver):

Relays 149 and Kl0--Attitude errors from BlviAGs to FDAI

Relay l<llB--Attitude errors fron-_ BMAC.s to SCS elect:<onics

Relays K4 and I<5 open--l,'DAI ball stationary

o body rates to IPDAI and SCS electronics (RGA).

The control and display activation p¢'ocess that was performed for the

G&N delta V will be performed for SCS delta V. The major differences.are

as follows:

Control of attitude and the thrust vector is through the SCS.

At T = 0_ ignition is initiated manually by pressing the TI-IRUST ON

pushbutton on the delta V display.

Thrust is terminated automatically when the ZXV remaining counter

(delta V pot,) indicates zero.

As in the G&N delta V mode, if the required command responses to

not occur, the same backup controls can be used to perform the delta V.

F
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In SCS delta. V mode, if engine ignition does not occur when the THRUST ON

switch is pressed, the NORMAL/OFF/DIRECT ON switch can be set to

DIRECT ON. This applies a command signal directly to the SPS engine _._ ....

ignition coils and will initiate thrusting. The NORMAL�OFF� DII<EC_F ON ii!
switch must be set to OFF to terminate engine thrust. _ !..""

Manual Delta. V (MTVC).

A manual delta V will be perfor_ned only as a backup to a G&N or SC_

delta V. Manual thrust vecto-_ control is initiated by a CW rotation of the

translation control i=to detent. At this time, relays I_14 and tZ5 will close,

providing ra'te caging of all three BMAGs; and relays IZl0 and Xil12- will

open removing rate gyz'o ox:tputs frm-A the FDA.I and SCS electronics. The

rate-caged BIvLAGs through relay and t_IZ will switch _MAG backup-rate

signals into the SCS electronics.

In the G&N and SCS delta V modes, TVC servo electronics No. 1 and

SPS gimbal drive motor No. I was used. When MTVC is initiated, relays

.K3Z, K33, and. K34 activate. This closes the servo loop for commanding

SPS gimbal drive motor No. Z.

Gi_bal tx.-;.mcommands are applied through re!z.y K31. When the

rotation control J.s moved out of detent, pitch &_d yaw commands are

applied to motor No. 2,through.relay I_3]. and gin_bal position feedbaclc is

through r elayl(3Z.

The sun_nation of backup zate and proportional CSS commands ir_;_o

the TVC provides a rate-dan_ped manual co__trol of the engine gimbals.

The astronaut must keep the rota.tion control at a given displace_w_ent to

keep the thrust vector through the e.g. and to fly the correct trajectory.

If CW switches of the translation control are engaged while in G&N

delta V, G&N attitude contro]., or G&N entry mode, attitude errors are _)ot

removed from the FDAI. This allows the astronaut to monitor and, if

necessary, fly a G&N programmed maneuver using CSS.

Entry.

The entry profile consists of the various n_.ethods of controlling the

S/C for the entry phase of the mission. The entry mode is normally

selected after S/M-C/M separation. At separation, the motor-driven RCS

transfer switches are closed to the C/Ivl RCS.

G&N Entry.

G&N manual mode is the primary method of control for entry inte the

atmosphe.re for the ASZ04A mission. A.ul:omatic entry may be us'ed in lieu

of GS_N manual mode.

STAI%ILIZAT1ON AND CONTROL SYSTEM
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G&N Manual. This is normally a backup for the G&N entry automatic

mode. The translation control is rotated CW into detent. This removes

inertial CDU attitude errors from the SCS electronics. Normally, the

astronauts will call up the entry program via the DSKY shortly after

S/M-C/M separation.

The entry angle, required pullout angle, and other required entry

data is presented on the computer displays. The astronaut can manually

perform a controlled g-level entry by using CSS to fly out the commanded

attitude errors displayed on the FDAI. The BIvLA.G/AGCU has been closed

loop for backup reference in case switchover is necessary.

After .05 g: aerodynamic forces build up sufficiently to stabilize the

S/C in the pitch and yaw axes. At this time, CSS will be effective in the

roll channel only. The SCS will rate-.damp the pitch and yaw channels, and

the astronauts will have steerzng capability by using roll CSS to control the

lift vector.

Automatic Entr_: The FDAI rate display seale range changes to 'J:25degrees/

second in roll, and 15 degrees/second in pitch and yaw. Deadband is

maximum. The rate deadband is ±Z degrees/sec.

Prior to .05 G switching, attitude error from the inertial COUs is

applied to the FDAI error indicator through relays K7 and I_8, and to the

SCS electronics through relay K9. The R.GA applies rate gyro body rates

to the FDAI and SGS electronics. Relay K3 applies total, attitude to the

FDA.I bail.

At .05 g, the .05 G ENTRY/OFF switch on MfDC-8 is se_ to .05 O

ENTRY. The SCS pitch and yaw channels perform rate stabilization only.

The roll channel is still subject to computer-controlled roll commands.

The AGC will fly the S/C according £o a pre-es£ablished entry program°

SCS Entry.

The SCS entry mode is a primary backup to G&N entry mode. When

selected, total attitude information to the FDAI is supplied throughout the

entry. Prior to .05 g, the BMAGs apply attitude errors to the ]FDAI and

SCS electronics through relays 1<3 and K9. After .05 g, relays K3 and li9

remove attitude errors from the FDAI and SCS electronics. Relays I<4 and

K5 close, providing ]3MF_G/AGCU closed loop. For the remainder of entry,

attitude errors are not displayed. There is no attitude hold capability.

The rate gyros, however, provide rate signals for rate stabilization. The

SCS electronics increase rates to a Z--degree/second rate deadband. The

FDAI displays total attitude. The astronauts will initiate the necessary

comn_ands using CSS to fly a controlled g-level entry. After aerodynan%ics

stability in pitch and yaw, steering capability will be in the roll channel

only.

:
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If, after . 05 g, it is necessary to place a BMAG in backup rate, only

the BMAG selected by the rate gyro select switch will have _ts inputs in the

SCS for rate stabilization. When backup rate is selected, relays K9, K!0,

KIZ, and-Kl-5 activate, providing backup rate to the FDAI and SCS else- _i:-_"_

tronics. Loss of FDAI ball reference will occur. Relay K1Z removes rate _t :

gyro output from the FDAI and SCS electronics. The astronauts will control [_.a_

the lift vector with the CSS roll cha_mel, if they wish to d-crease the g

level, they will roll the S/C to keep the lift vectorup, if they wish to

increase the g level, they will roll the S/C so that the lift vector is down. ,

M_JOR COMPONENT/SUBSYSTEM DESCRIPTION.

The SCS consists of the following major components: .

¢ Rate gyro assembly (RGA)

e Attitude gyro accelerome_er assembly (AGAA)

Pitch electronic control assernbly (pitch ECA)

¢_ Roll electronic control assembly (roll ECA)

e Yaw electrop_ic control assembly (ya\_ ECA)

Amxiliary electronic control, assembly (aux ECA)

_. Disp].ay a._._d attitude gyro acceleron_-etcr assen_b!y electronic

control assembly (DISPLAY-AGAA ECA)

e Rotation control

e Translation control

Flight director attitude indicator FDAi)

Attitude set/gimbal position indicator (AS/GPI)

e Velocity change indicator (2xV display).

Rate Gyro Assembly,

The rate gyro assemb!y contain.s three idenLical rate gyros, nnounted

orthogonally along the spacecraft body axes, and assocSated tyro elec-

tronics. No provision is made for heaters or temperature control of the

gyros. Each gyro is a singie-axis unit, with the input axis determinedby

the gyro mounting fixture. Self-test capabilities are provided by torquing

coils which enable the gyro to be displaced at a known rate and by' spin

motor rotation detection circuits which allow monitoring of the gyro spin

motor speed, All self-test circuits are completely isolated frown opera-

tional circuits to prevent a failure in the fornner from affecting gyro

_;•i:i

:!
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operation. The gyro outputs are used by the SCS as primary damping or

stabilization signals and, in addition, as negative feedback to null rotational

control commands and provide a proportional maneuver rate capability.

The rate gyros also provide an indication on the FDAI of the rate-of-

attitude change in pitch, roll, and yaw axes, An attitude change about any

of the axes results in an outpuc signal which is representative of the rate

of displacement.

Each miniature rate gyro assemb'ly consists of a spin motor, damping

system, gimbal assembly, quadrilever spring, and self-check circuitry.

The gyro spin motor is a 400-cps 3-phase synchronous hysteresis motor

powered by Z6 vo]ts ac. ]7.he r,;aximum time allowed for the gyro to come

up to operating speed is 17 seconds. Damping is accomplished by- positive

displacement of the damping fluid through temperature-controlled orifices.

The quadril.ever spring provides the torsional restraint required by the

gyro, together with radial su,:port for the gimbal assemb!y. Some

important rate gyro characteristics are as ioiluws:

30°/see
Full-scale range

Input range (to limit stop) 30°/sec

Maximum r ate without da nnag e 600 c / sec

Attitude Gyro Accelerometer Assembly.

The attitude gyvo acceleroD3eter agsembly cot&rains three body-

mounted attJtu.de <__vros (BMAGs) and art accelerometer. Electronic control

circuits for the gyros and accelerometer are contained in the display and

attitude gyro accelerorneter assembly electronic control assembly.

Body-Mounted Attitude Gyros.

The three BMAGs are identical units, m.ounted orthogonally along the

spacecraft body axes, to sense attitude displacement a].ong the pitch, roll,

and yaw axes. Each gyro is a single-axis unit, with the input axis deter-

mined by the physical mounting in the S/C. A spin motor detection circuit

is included in each gyro to allow monitoring of gyro spin _,motor speed.

This will be telemetered data only.

The BNaJkGs provide information denoting the angular displacement

of the spacecraft from a preset attitude. They are initially set to a specific

space-stabilized orientation; thereafter, any displace_mnt from this initial

setting results in output signals which are representative of the amount of

angular displacement. The output signals are used to F.roduce attitude

error signals for an attitude-bold mode or for display on the flight director

attitude indicator. The outputs may also be applied to tl_e attitude gyro

coupler unit (AGCU) for attitude change storage and for conversion to
inertial measure_nent unit (IMU) axes. i,'v[[]axes differ from the spacecraft

body axes. The AGCU and }3MAGs are used as a substitute or backup

inertial reference unit for the IMU during the periods when the IMU is

[
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turned off or has malfunctioned. The Bh&AGs can also be used to produce

attitude rate-of'change information, as backup for the rate gyros.

']7he]BMAGs are single-degree-of-freedom, miniature integrating [ii:.

gyros contained in electrically heated individual packages. The heater wi]! _ !i .

nna'intain individual BI_AG ternperature at 170±Z°F. Degraded gyro opera- _.

tion will result if this temperature is not maintained. The gyro spin 171otor's

are 3-phase g4,000-rp_T_ synchronous devices, powered by 13.6volts 400ups

from a supply in the attitude gyro accelerometer package electronic contro_

assembly. With C/M temperature at 80°F and the mounting plate tempera-

ture at 55°_ ', the _naximu_ time aliowcd for the B_f_..G to reach operating

limits is 40 r_inutes. .A,few gy;:o characteristics are listed as fo].lows.

Acceleration sensitive drift

Maximum self-torquing rate

_Viaxirnu _ attitu4',e ran g e

AGCU coup].ed torquin.g ],imJts

4 deg/hr

Z5 deg/sec

ig0 deg

ZO ° sec roll, 5 ° sec pitch and yaw

Acce!ero]_eter.

The acce!erometer is _T;ou_ted along the spacecraft ]<-axis to sense

velocity changes alo___gthis axis. It is a pendulous-type acceleronneter with

electronic null _,nd balance. 7he temperature is n-_air_tained at ].701Z°F

under norrnal opP,rating conditions. A signal output is ger.erated by a

velocity change along the X-axis.- This velociLy change causes the pendulous

n<_ass to n3.ove, resulting in a cha:.zge of coupling between the primary and

secondary windirtgs.of a sign.m,ige.t_erator. This results in an output £_ ....i

which is demodulat_(z and a_mp]if4ed to provide accelerador_ informatio_ J.n

the form of digital signals %o a counter in the delta Y display (paragraph

Z. 3.4.. i0). The pen@ulous mass is returned to null by the bal;=_ncin.g action

of the electronic cagiD, g si@[_al when the velocity change ceases.

Pitch., Roll, and Yaw Electronic _ontrol Assen-_blies.

The pitch., yaw, and roll electronic control assemblies (ECAs) ale

nearly ._dentical, with s].ight differences due to different requirements for

each axis. The ECAs provide the circui%ry for input control signal process-

ing and SCS mode control and configuration. Input con.trol signals consist

of attitude error signals from the SCS BM_AGs and from the G$zN systezm,

minimum impulse con_mands, r:_te gyro angular signals, translation and

rotation control commands, service propulsion er.,gine g_mbal position

commands, and SPS engine gimbal rate and position feedback signals biode

control inputs are received from switches on panel 8 of the main display

console (MDC). These ir_put signals are applied to logic-controlled relays

which er_ab!e circuit configurations corresponding to the desired mode,

ECA output signals consist of reaction jet fzring commands and SPS timbal

position commands. The reaction jet con_mands are generated in the jet

selection logic portions of the ECAs. Preignition SPS engine gimbai

position commands are generated manually at the AS/GPI by thumbwheels

which provide input signals to the gi_b_l control circuits. Post-ignition

uON I _._O_, SYSTEMSTA]_ILIZATION AND ..... _
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gimbal control is provided by automatic thrust vector control(TVC) circuitry

in the pitch and yaw ECAs.

Auxiliary Electronic Control Assembly.

The avuxi!iary electronic control assembly contains the attitude gyro

coupling unit and service propulsion system thrust on-off command circuitry.

TheAGCU portion of the auxiliary ECA receives ]BMAG signals from the

DISPLAY-AGAA ECA and processes the data for display on the FDAI. It

also transforms attitude set dial signals to bod 7 axes. The SPS engine

on-off control circuitrs_ in the AUX ECA receives m_gine on-off commands

from the GhN. system or the SCS. These cornmands are conditioned and

applied to the S]?S engine solenoid valves,

Display and Attitude Gyro Accelero_r_eter Assembly Electronic Control

Assernb]y.

The display and attitude gyro acceleronxeter assernb].y electronic

control assen%bly provides the electronic circuitry required to control and

power the displays, ]3MAGs, and aceeleron_eter. The DISPLAY ECA

portion consists of the circuitry necessary to receive and condition the

following:

o Attitude error signals fro_x the GhN systen_ or the BIv_.Gs to the

FDAI a%titude errox indicators

o Attitude rate-of-change signals from the rate gyros or Bh4AGs to

the FDAI attitude rate indicators

Feedback signals from the SPS engine gimbals to the gimbal position

indicator s

Acce]erometer signals from the AGAA to the delta Vdisplay

integrator.

The AGAA ECA portion consists of circuitry necessary to accomplish

the following:

Accept and condition BlvIAG inputs for the AGCU

Accept and co_3dition AGCU torquing commands to the 13MAGs

Control BIvIAG and accelerorneter temperature controls

e Control and condition the accelerometer rebatance loop and inputs

to the integrator

Supply reference voltages to the ]5MAGs and accelerometer

_ Condition the BM_AG and accelerometer outputs to telemetry.
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Rotation Controls.

Two identieal rotation controls are provided to enable manual

command ofthespacecraft attitude ( figure 2. 3-8). Each control• is a control

stick containing breakout switches and transducers (figure Z. 3-9) which

apply control signals to the reaction jet selection logic circuitry in the

pitch, yaw, and roll ]ECAs. When the stick is moved, the breakout

switches close the loop between the BMAGs and AGCU, and control

signals from the pitch, yaw, and roll transducers are applied to the

appropriate conf.rol ECAs. Proportional response to the control stick

movement is provided by rate gyro feedback to the ECA electronics

(figure Z. 3-10). The reaction jet solenoids can also be controlled via the

direct application of control voltages from switches in the controller.

The latter method, requiring use of the DIRECT MODE switch on MDC-8,

does not provide proportional response. With the direct mode enabled and

the stick commanding a. rotation about one axis, the rate damping circuits

in the other axes are ac_:ive.

[i̧ :/i

Provision. is made to mount the controls at four different locations in

the C/NI: the right armrest of the ].eftcrew couch, both armrests of the

right crew couch, and at the navigation station in the lower equipment bay.

Normally, one control is attached to the left crew couch mount and the

other is used at any of tlie other three locations. Simultaneous operation

of both controls is possible bug not advised; however, each control has a

locking device to prevent inadvertent operation.

Translation Controls.

Two identical translation controls are provided to enable manual com-

mand of spacecraft translational maneuvers. (See figure Z. 3-8.) Each

control is a T--hand]e type control stick containing switches, which apply

control signals to the reaction jet selection logic circuitry in the pitch, yaw,

and roll ECSs (figure Z. 3-11). The reaction jets are activated in groups

of two or four, depending upon the direction of desired translation. Left--

right and up-down translations are accomplished by firing two reaction

control jets with the same direction of thrust. _Forward and reverse trans-

lations are accompiished by firing the four forward thrusting or four rear-

ward thrusting reaction control jets. The translation maneuver commanded

is in direct response to the direction in which the T-handle is moved.

The primary control has switches which initiate a spacecraft abort if

the T-handle is rotated counterclockwise. Both controls have switches

which enable manual thrust vector control and disable automatic attitude

control if the T-handle is rotated clockwise. Each control has a lockin.g

device to prevent inadvertent operation of the translation control.

Both controls are mounted in the C/M on the left armrest of the crew

couch. The primary control is identified with yellow stripes and. is the

only one provided \yith abort switching capability.

Mission
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2. DC rodin bu_ B supplies power to direct

-:witches in _otatlon conho[ No. 2.

SM-2A-71iB

Figure Z. 3-9. Rotation Control Schematic
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TRANSLATIONCONTROLLER

I ABORTIN IT!ATESWITCHES(CCW)

L 4-
I
I
I

• 28 VDC FROM
\ PC MAma SUSA OR

DC MAIN BUSB

ABORTINITIATION SIGNAL
_".1"OMISSION SEQUENCERA

ABORTINITIATION SIGNAL
TO MISSION SEQUENCERB

MOTOR DRIVEN SWITCH
(LOCATED li',l S/M, CLOSED
AFTLRS/M SEP,aR/_1"!ONFROM SIVB)

+ X

\ 28 VDC FROM
DC MAliq BUSA OR
DC MAIN BUSB

} Tp_*_NSLATIONCOMMANDS

TO S/M RCSENG!NES

-X

-t-g

-y

+z

-z

%

IAAblUAL IVC EI'xlABL-_

SWITCH(CV/)

- PUSHTO I'ALKJA ....

( L)C MAIN BUS A OR

DC MAIN BUSg
,"- TO PITCH, YAW & ROLl.

ECA
< 28 VDC

COMMUNICATIONS
SM-2A--710B

Figure Z° 3-11. Translation Control Schematic

Flight Director Attitude Indicator.

The flight director attitude indicator, located on B&DC-4, provides.

attitude, attitude error, and attitude rate-of-change display information.

(See figure g. 3-1Z.) The FDA! Jndica'ces attitude rate of change arm attitude

error on indicators and spacecraft attitude on a 3 degree-of-freedom,

inerdaily referenced ball and roll indicator. The roll rate display is

located acros,,s the top of the FDAI. The pitch rate d.Jsplay is located along

the right side of the FDAI. The _raw rate display is located across the •

bottom of the FDAI. The attitude error displays are poi;_ters which move

across the face of the bal].. The rate a_.d error displays are fly-t() displays.

The roll attitude i)ointer is located at the top and point_7 down towards the

cen.ter of the ball. The pitch attitude pointer is located at the right and

poin.ts ]eft toward the center of the hall.. .The yaw pointer is located at the

!:iq Mission._
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, ROLL POINTER qAVIGAIION

AXIS ,9_k RF, ER

TCH RATE

DISPLAY

TCH AI"IITIJDE

ERROR D'SP[.AY

AT[ITUDE BALL" }DY AXIS

/v'dkRKER

YAW ATTITUDE

ERROR DIS[

YAW RATE

DISPLAY

_..__,.----_ . ._55o +21 °L_.... ,.....
_'"............................Roll "['ug" / _ / -r21 -" J_!

NOTE: On this illustratio°, the a_titude b_ll

display is read with reference to the SM-2A-?'26C

navigation axls m_rker.

Figure Z.Z-IZ. Flight Director Attitude Indicator

bottom and points up toward the center of the ball. The FDAI is located in

the center of the display. The ball face is marked in degrees of pitch and

yaw and is referenced to the IMU axes. Two reference markers are located

on the face of the display to indicate attitude in reference to either space-

craft body axes or IMU (navigation) axes The body axes marker is on the

lower face of the display. Tl_e IMU or navigation axes marker is located on

the upper face of the display. }.lollattitude is the IMU reference and is

indicated by the roll indicator (bug) which travels arour_d the circumference

of the ball. Roll attitude zero reference is located at the top of the ball.

FDAI display operation will vary, depe,_ding upon mode. The rate

display is operative at all times. Each rate indicator has a calibra.ted dis-

play scale, with the range of the scale dependent upon the mode selected.

Maximum full.-scale deflection will be as indicated in the following tabulation.

L
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Mode

Delta V modes

Entry modes and monitor mode
All_ other modes

!
Full-Scale Deflection

Pitch Roll Yaw

_5°/scc

±5°/sec

-21 °/sec

_5°/sec

_Z5°/sec

±l°/sec

±5°/sec

_5°/s_c

_!°/sec

The attitude error display function depends upon mode. During atti-

tude hold modes, the attitude error pointers display attitude changes within

the selected deadband. The maxim,am deadband will allow approximately

±5 degrees of spacecraft movement i_ any axis, which is equivalent to full-.
scale deflection for the attitude error poir_ters. This results in easily

discernible pointer movement. The minimum deadband allows approxi-

mately • 0. 5 degrees of spacecraft m_)vement in any axis, which results in

very little pointer _.ovement. In SCS control modes, the attitude error

signals are derived from the Bi_kGs or AGCU. The AGCU alone provides

the driviug signals oL, ly when used it'. conjunction with the ATT SET switch
for a dialed attitude chance. In G&.N mo.ies, the attitude error signals are

derived from the G&N coupling display units (CDUs). Full--scale deflection

varies depending upon the mode selected, as in.dicated by the following

tabulation.

I

Mode [
Entry modes ±5°

• ".t< {}Monitor mode -.15

.All other modes ±5°

Ful] -ScaJe Deflection

Pitch Roll Yaw

±25 °

±2.5 °

±50 ,

±5 °

+15 °

±5 °

The gimbaled attitude ball is colored half gray anti half black, with

the line of separation, at the 0-degree to 180-degree pitch angle. This

two-color scheme permits rapid recognition of the specific pitch

hemisphere being displayed.. There are two concentric circles located at

90-degree yaw/0-degree pi_eh and 270-degree yaw/0-degree pitch. The
inn.er circles are solid, red 30-degree circles which represent the base of

a cone wid; th.e apex at the center of the.ball. This area denotes possible

IMU gimbal lock. The outer circles enclose a red 40-degree circle which

also represents the base of a cone with the apex at the center of the ball.
This area denotes attitudes which result in AGCU inaccuracy. The bail is

read against one of two reference marks, depending upon the mode of

operation. The IMU axes reference mark is the upper marker (0) which.

indicates spacecraft attitude in pitch and yaw axes with reference to the

IMU gimbals or stabi]i_.y axes. The bod 7 axes marker is the lov,,er marker

(V-) which indicates spaqecraft attitude with reference to the body axes.
oeg_ees. The roll indicatorThe included angle between the markers is 3Z ....

is referenced to the zero mark e.n _he periphery of the ball display face in

all. operational.modes, in SCS modes, the ball is driven only during
manual maneuvers, during 1PDAI alignment, and after 0.05 g is sensed

during entry. Durir_g these functions, the ball is driven by signals
received from the AGCU. In G&N modes, the ball displays IMU gimbal.

angles. Figure Z. 3-t3 provides a tabular listing of the various FDA.I

display configurations.
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FLIGHT

CONTROL

MODES

Total Attitude

(Ball)

Attitude

Errors

Attitude

Rate Errors

Roll Bug

F LiC HT T
CONTROL

MODES !

{

T e t_! At<itude ]

(Bail)

Attitude

Er ro."s

.,\ttltude I

Rate Errors I

Xoli Bug
L--......... --/-

SOS

SCS Entry

Before 0.05 Os, ball driven

only during manual maneuver

or FDAI alignment; after 0.05
Gs drlven continuously.

BMAG$

P h Y±5" max de!iection;

R±Zb" max deflection.

Rate gycos (BMAGs _hen

backup rate switch actuated).
p & ° 5_/sec deflection.

R Zb_/sec defiectlon.

AGCU roll angle

SOS AV

Bali driven only daring

manual maneuver or

FDAI al gnmcnt.

BMAGs

p, y, & P_5 _ max eel!action

Rate gyros (B_& (is when

backup rate switch actuated).

_, v, & R±5o/sec deflection.

AOCU roll angle

SCS

Local Vet tlcaJ

Ball driven only during

manual :naneuver or 9"DAI

alignment.

5MAGs

p, y, & _G_5 ° max deflection.

Rate gyros (BMA_s when

backup switch actuated).
p, y, & i<_l°/sec deflection.

AOCU roll angle

I SCS

Attitude Control

I Ball driven only during manualmaneuver or FDAI alignment.

[ BMAGs

p, y, & R-*5 ° m_:< deflection.

i Rate gyros (BMAGs whenbackup r_te '_witch activated).

i P, Y, & R±i°/sec deflection.

I
AGCU roll angle

G&N

G g_ I',TEntry

Ball repeats IMU position.

CDU P, y, _:5° max deflection.

Rd:Zb" max deflection.

Rate gyros (BMAGs when

backup rat'-- switch actuated).
lo & y.5°/sec deflection.

R_Z5 _/see deflection.

LMU roll angle

OhN A _f

Ball repeats !_ZU position.

CDU P, Y, & P,_5 _ max

defiection.

Rate gyros (BMAGs when

backvp rate switch actv_ated).

p. y, & p_ 5°/see deflection.

Ge<N

/_ tt!tude Ccntrq!

Ga!l rep,:ats !MU position.

CDU P. Y, g" R ±5 ° max

deflection.

Rate gyros (BMAGs when

backup rate switch actuated},

p, y, & F, _°/sec deflection.

! IMU roll angle

IMU roll angle I

I Monitor

?
Ball repeats IMU position

GDU P, Y ±15°, & R±25° max
defiection_

I Rate gyros (BMAGs when
backup rate switch actuatud).

p, y, & R 5°/see deflection.

i IMU roll angle

Figure 2. 3-13. FDAI Display Configuration
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Z.3.4.9 Attitude Set/Gimbal Position Indicator.

The attitude set/gimbal position indicator (AS-GPI) provides two

separate functions. The attitude set portion enables FDAI-.AGCU align-

ment and provides a reference for a.cquiring new attitudes. The glrnbal

position display portion provides positioning control of the SPS engine

gimbal angles and displays gimbal position. The attitude set portion pro- -

vides a comparison of the angle between the attitude displayed on the

ATTITUDE SET indicators and the position of d_e AGCU resolver shaft. It'.

also provides control of ti_e inputs to the FDA.i a_titude error pointers and

aligns the FDAI to the attitude indicated on the ATTITUDE SET indicators.

The ittitude set function is controlled by n_anual operation of the thun_b -

wheels. The desired position is di_l_d by a thun-J_wheel, with the display

providing _dsua]. i_dication of the position se]_ected by the thu_bwheel. The

e.ttitude display may be used to align the FDAI-AGCU or to indicate a new

attitude for th.e spacecraft. To accomplish FI)AI-AGCU _lignrnent, the

desired position is se[_on the attitude set display. The IZL)AI ALIGN push-

button is then pressed. This provides a signal which drives the AGCU

stepper motor.and control logic to position the AG.CU reso]ver shaft. The
dstepper motor dxives the shaft to the comrnan,ec_ position, resulting in an

output from an angle generator to the FDAI ball, driving the ball to the

commanded position. To manually maneuver the spacecraft to a pre-

determined attitude, the display is set to the desired attitude and the ATT

SET switch is -01aced to ATT SET. The output signal is app]Jed'to the .

attitude error'display pointers on the FDA), providing a manual maneuver

indication to the space crew. The display configuration is a fly-to type,

with the crew ma.nuaiiy maneuvering the sp_-cecraft tow_,_rd the p(,i:,__e_.s.

(The pointers will peg if the new attitude is in excess of 5 degrees from

the origir)al attitude, )

The SPS engine gimbal position display allows positioning of the

gimbals and provides indication of gimbal position. Two thumbwheels
C

enable the pitch and yaw engine gimbals to be positioned prior to oP_.

engine firing. Th.e gimbals position the engine to an attitude which ensures

that the SPS engine thrust vector is through the spacecraft center of gravity.

Movement of the thumbwheels results in the. generation of control signals

which engage the SPS gimbal ring torque motor magnetic clutches. Clutch

engagement connects the gimbal torque motor and gear train to move the

gimbal ring. Position transducers send a signal to the gimbal positio-_

displays to indicate the angle of the gimbah The yaw gimba! position scale

is graduated in increments of one-half degree from -5 degrees to +13

degrees. Center is located at the +4-degree position due to an inherent

offset in the ya_ center of gravity. The pitch gimbal position scale is

graduated in increments of one.-half degree from -9 degrees to +9 degrees,

with the center position at 0 degrees.
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_; 3.4. i0 Velocity Change Indicator.

The delta V display provides control and display of spacecraft

velocity changes. The display portion of the panel consists of the _NV

REMAINI, NG indicator, which is a five-digit display. The digital display

is set by the variable speed _,V SET switch. Three panel switches control

the SPS and RCS engine firing commands. The DIRECT ULLAGE switch

is a pushbutton, momentary-contact switch which, when depressed

energizes the direct coils of the +X reaction jet solenoids. It serves as a

backup for the translation control, which is used under normal conditions

for +X translations for SPS fuel settling (ullage). The THRUST ON switch

is an JIluminate8 pushbutton, nqorr_entary-contact switch which is used to

fire the SPS engine in the SCS delta V _node. The switch is enabled when

the SPS THRUST switch is in the NORMAL posFdon. The pitch and yaw

RCS control and firing circuits are inhibite8 during SPS engine firing.

After ignition, the SPS engine continues to fire until the ZYV REMAINING

display counts down to zero. The TI-IIKUST ON switch is also used to back

up the Apollo guidance computer firing commands in the G_kN delta V mode

in the event of an AGC failure. The SPS THI<UST sv_itch provides overall

control of SPS engine firing. The NORMA.L position enables normal engine

firing sequences. The OFF position provides a positive off command as

backup in case of a malfunction. The DIRECT ON position pro_ddes a

positive firing command to the SPS engine.

The AV SET switch sets up the ._V ilEMAINiNG display and logic

circuits prior to delta V maneuvers. P_'ess]ng the upper ,_;cction of the

AV switch sets up logic circuitry which causes a slew motor to drive d_e

_V REMAINING display in the positive direction (incrc, asing velocity).

Pressing the lower section of the switch drives the display in the negative

direction (decreasing velocity). .The switch has two sets of contacts in

both the upper and lower positions. Pressing the switch lightly engages

the first set of contacts, which results in a signal that will drive the

display at a rate of two feet per second. Pressing the switch harder

(past an easily felt hard/soft point) engages the second set of contacts,

which results in the display being driven at a rate of 64 feet per second.

As the display is driven to the desired velocity, the _ntegrator and logic

circuit is set to a logical value equal to the desired change. The trans-

lation con-_mand signal energizes a relay which applies the output of the

AGAA accelerometer to the integrator and logic circuit, which compares

the desired velocity incremeni: with the actual velocity change received

from the accelerometer. When the actual velocity change equals the value

set, the ZXV REMAINING counter sends a signal to a coincidence detector

logic circuit which, in turn, transmits a stop firing command to the thrust

control logic. AJthough this causes the SPS engine to stop firing, so.me

thrusting continues as a result of the tail-off inherent to the engine The

Z_V I%E!vIAINiNG display continues to count past zero (i.e., 99999, 99998,

99997, etc.) until no further acceleration is felt. Tail-off effects will be

calculated prior to f]ight'and compensated for by the crew when the d_spia},

is being set up for delta V maneuvers.
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Z. 3.4. II

2.3.5

Electrical Power Distribution.

See {igures Z.% 14 and g 3-15
_4

PERFOt{M-_NCE AND DESIGN P ^'_' _

Figure Z. 3-16 contains the latest available power consumption data for

the Block I SCS. The translation controls were not included in the SCS

component breakdown because they do not dissipate a significant amount of,

power within themselves.

The X-axis acce!erometer is a servo-re?;ala.nced pendulous

accelerometer. Some of the accelerometer design characteristics are as

follows.

Some

Op erati._tg ra:zge

Threshold

Null torque

Signal generator sensitivity

Signal generator null

O. OOl gto Z g

1 x ].0-4 g (max)

] x !0..4g (max)
50 n:illivolts /_m.i!!irad

mr (m_x)

The body-•mounted attitude gyros are single-degree-of-freedom gyros.

of the gyro design characteristics are as follows.

Acceleration sensitive drift

Random drift

}_axirnun= "_orquJng rate

]_iaxi_mun_ input attitude

Gyro threshold

Oyro transfer function

Signal generator null

Excitation frequency

4 deglh_/g

0.05 deg/hr

Z5 deg/sec

.-hZ0deg

0.0Z deg/hr

I. 15 mil!ivolts/millirad

3. 5 n-;.il!_:vo]1:s

400+0. 01% cps

The rate gyros are single-axis miniature gyros.

design characteristics are as follows.

Full-.scale range

Input range (to iin_it stop)

Maximum rate without damage

Excitation fr equency

Threshold

30°/sec

30°/see

600°/sec

400'.-0.01% cps

O. OZ°/sec

Some of the gyro

OPERATIONAL L,IbIITATIONS AND RESTRICTIONS.

S/C Attitude Change.

It is recommended that vehicle attitude change be held to rr_aximum

rates of less than Z0 degrees per second roll and 5 degrees per second in

pitch and yaw to prevent possible loss of attitude reference. Because of

the AGCU digital logic, £he stepping motor can be stepped at a maxin_urn

, i!ii:i!!

iiii i
:i t- _;
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AC BUS NO. 1 (AC BUS NO. 2_

115 VAC 115 VAC)

pHASE

,_..._--_,-._-----_ GROUP I

A AC} (AC2)

!i/i
i:,i!

I

-.---p

NOTES: 1 . D-C power is opplled to these

units through partial SCS power

swhc% as shown il.J upper right

port of diagram.

2. Contacts close after S-IVB separation

or f. lgh-ohhude cbo_t.

PARTIAL SCSPOWER SW

ACI (AC2) PARTIAL SCS

• DISPLAY AGAP ECA POWER SW

PITCH ECA AC1 (AC2,

_,______ [ YAW EC A ,_---- --,_----_'-----" --
= ROLL ECA O_F

"-- _..._,__.___ ,] C U X I L IA RY EC_. GROUP I

DC MAIN

BUS A

tDC MAIN

BUS Bi

o

OFF SCS CONTROl. PANELI

RATE GYRO (SCS/G&N SWIIC H) J "_"

POWER SW

ACl (AC2) TVC 1

_T "_-'---_ _I POWER

"--"---'-_ i---_,---_,_IP_'TEe' ..'.---_ . GYRO PACKAGE • ACI (AC2) __

_ |DISPLAY AGAP ECA _

_._,.___._ j _ O_:i.

° R_TC,_ECAt 1 " " I
OFF YAW ECA _ ¢:......... _,'_A--___--

ROL_EtAj I RCSLATCH,'_G[
j RELAY

I /_ AV DISPLAY PANEL I " NOTE

J _ SCS CONTROL PANEL}' <_ "

J TVC 1 (DIRECT MODE SW) J
/ POWER SW

J AC] (AC2) SCS CONTRO[ _l

l..m.__ PANEl. (YAW _ "_-

i _-"-'-_ 1 CHANNEl. SW)J

_--'-_ t PITCH ECAI NOT_ i

, IYAW ECA/ "
_-..____.J sc_CO'_'TROLI
o PANEL (8&D ROLL_'

OFF CHANNEL SW) .

BI_-_ G

POWER SW

AC_ (AC2) A

° ', / ROLL ECA /

"--'_] IDISPLAY AGAP ECA

o_ ''°-'---b _ YAVV ECA NOTE I

--_.] l PITCH EC_,
---_>----_ )

O_FF " SCS CONTROL

ROTATION PANEL (A&C ROLL_

CONTROL //_\ CEIANNEL SW) J

POWER SW Z-J-C._.

1 (2) ROLL ECA

_ YAW ECA _ NOTE 1
DOFF PITCH ECA

TVC 2 ._

P...... W SCS CONTROL PANEL/
UW't: K b A ' W <S

AC1 (AC2) (PITCH CH NIxEL S. )] /_ TVC 2 POWER

-_--,--_---._'_ Z.£_k sw AC_ (AC_)

_.1 IDISPLAY AGAP ECA

_ YAW ECA
0, _ PITCH ECA} NOTE1 OFF

 'LOT,%O ffONALj
TRANSLATIONAL CONTROLLER <_----------e-_

!i!i
• i

Z_ ! :ii
DIRECT CaNT [ i

_J MNA(B) ! :!:

z_YAW [:::1

B&D ROLL ! ]

MN A (_) ! i.

7-, J :i

t i

I'!

A&C ROLL

f i
MN A (B) :_

PITCH !i: 1

MN A B)

•o o

_------o o--..... ;_ :q

GROUP 2 _ '1

SM-2A-712A

I:i!

i_ii!i!
t.:/:,
,,+:

!ii¢

[:,k,

?

_igure Z. 3-14. SCS Power Distribution
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SYSTE._, CAPABILITIES

_ACKUP RATE

CHANNEl. ENABLE

,_DIRECT ROTATION CON] ROL

_-£,TTITUDE IMPULSE

_&N SYNC

REC

PARTIAL RATE

SCS GYRO
POWER POWER

° I
!L&NSLAT!OF O

AV SE_

_NGI_EiOHIT_ON _ <0

DIRECT ULLAGE

I'HRUST VECTOR CONTROL _ C_

MANUAL !HRUST VECTOR CONTROL

ATTITUDE HOLD

RATE DAMPI iqG
i-

F,_Dfl AL_ G/j_ .........................

RATE INDICATORS VALID

BALI 8 ROL.L BUG DR'.VEN

UIRED SCS POWER SWITCHES

I ROTATI ON
BMAG | CONTROL TVC i

POWER .k POWER POWER

k

o<9

.................. [;......i .......gh:<

if ®('h IO

TVC 2

POWER

,Q-')

0

1

J,................................

I

L

NOTES: 1. If backup rate has been selected in an 7 axis. !f backup rote has been
selected in all 3 axes, IV_,IE GYRO POWER need not be on.

2. PARTIAL SCS POWER must be on if" AV switch is at NePal,At. However,

SPS engln_ can be turned on when all power swltche:s are off, by placing

AV switch to DIRECT ON.

3. /'VC 2 POWER switch must be on if manual TVC is engaged.

4. SCS AV mode oniy. However, in G&N 5V _node, BMAG POWER must

b_ on if backup rate has been seJected in any axis. It backup rote has
buen selectc<_ in all three axes, PATE GYRO POWLP, switch is set :o OFF.

5. SCS. modes onlyl also G&N modes if backup r,,te has been selecied ]n any axis.

6, SCS me,de_ o,]y; if backup rate ba_ not been ._elee_ed.

7. RATE GYRO POV'!ER s_.itch may b_ set !o OFF {of extende'J per;eds of

attitude hold.

8. FDAI ALIGb', and G&N mode_ only.

Figu):c Z. 3-i5. SCS l_ower vs System C&p_.bi].ity

SM- 2.A-90,vk
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i
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,i

:i

i

{i:!

I

4

i:!

i

iii_i
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_" _--'_ MODE

SV, ,TCH "_

PARTIAL SCS PWR (1)

POWER FACIOR

FDAI

POWER FACTOR

1
SYS'_EM'STEADY-$T_TE POWER CONSUMPTION"\VATIS (SO-l) I

........ --T----GT_,_'_-f----RCTT__nu_ F O_NENTRY +l
MONITOR ---| ---'( ................. _ ........... " _- ----- t,< "_

i IS','-q,C ,%0-CPT----I-- li5 VAC 4OO CRS | '15 W,C f00X-:[:%_._! _S VAC 40O a+ _!

,--7_.--T:--r_-Tr_,:-l--_,-l-:;]--[ _WEcTo-c-l_;ik-T-,_--j-¢c ] DC | r,_A j,/,_ I ¢-c I DC [
.Z_.-J "Z_+L_" .__,::-l-_'" c+',%: " -....."-"-:'_--;W'_t ...............................

o._,1o.+,qo.9,I i o.+qo._9,o.+_I !o.,+t o.++1o.+l _°"_ ...._ _ i

*'o._J ^'_ ^ 991 [ 0.981 0 85 I 0 99l/'0 9nl "0 8'_i *0 991 I 0.ggl 0.SSl 0.991 tu.y_ u._ l u.............. 1 ___J. " ...... t ........

.............. ........ ...... .....!......!...... -1--1
o'921 J / | o .2 I / ' " I ....• • .,, ___________:_q ................. .,.q............ _--

0.96; 0 85 0.86| [ 0.96j 0.86, 0.86 I 0.96 0.861 0.861 / '. 61 . / s._l

1'0'7s/ 0"STl 0:S3 [0]_51 0.ST/ 0._3| I 0.751 0.57l 0.6Sl 4 °:f_-L04-_-TL°--6-a|--J

0 99/ 0 _l 0._0[ |0._,_ 0 M o.so+ J,o,99t*o.zq*o.,o....... /0._91 0._+1o.+oj
......t......i---_r_,w?....1......I-i -_; Y-T [_:_-_1------T,--1---I-++._3
_.J_ _L._LI_/ !__.L L L ___.L+._L+_L_s ........Lo,._

RGA POWER

POWER FACTOR

ROT. CONT POWER

POWER FACTOR

TVC S\'V NO.i

POWER FACTOR

TVC S¢/ NO. 2

POWER FACTOR

BbVkG POV/E R

POWER FACTOR

CON] PANEL INPIIT (t)

f_ MODE"_"

I" SWITCI4 "_

PARTIAL SCS PWR (t)

POWER FACTOR

FDAI

POWER FACTOR

SYSTEM STEADY-STATE POVTER CONSUMPTION-WATTS (SO-i) (CONTINUED)

f SCS ENTRY [ G&b-t z_V 1 SCS ,_',,' ---LOCAL VERTLC_-,L

u_Zcq_-_:r's J i_s-v-£c,+%cPs _ _s VAC.;-oZcr's --.s -,_,o3 cPs
[ ¢' ,q_¢S I fC DC -_:-r--x.:--1%,7;:..... BT--_-%?;--F-S_c-:q-i_- .;.,Z.... V?-%i-T]--oc-
_.,,_-J ........ , ........ .Z"-_49 J-.z-_'+-£_s_+_.-:--d++_2 +.}._./o_++-'++-';-'-..... _-: ..... '+-+"'_Lt...............

I °"i °91°9t l o.._,.Io._+_o.9,1 I o.+lo.++_o.,,, o.+,,_o._+_o.+_
........ "1............. j- -- _ ....._.-7--_._,,.+f I _.8-+.8 __ q _._1+.,1-+,+-1-_. , _.q_Tr,,.q

0.+,0.+_,_ , 0_+oe40.,I_ I °91o•+%0.tl___do.+_l-u+'0.99_
-s 6 ---- s.,s/ s.6

1,+.4_-_1.__,+._ _1--_-1__-I_ _.,+._I+._%, %.s%.,,-1-_._-q-i.qu+
/ o.9+ o._i °._+t 0.gd 0._610._+1/*0.96j *0.+4*0._61 I o._o:_tL_.._

,6., +._,,.o,6;._-_f,-t_.x--_.oi-6_.-3-!6.--rl-_-1-T-o-__T-d-._-._,-1-_:_i-_++_-]-l
I 0.9_ 0.Tq 0.80j 0.991 0 7,_ 0 80[ 0 99i 0.18[ 0.80[ I 0.991 0.78l 0.80! |

"" _ _ ..... _ ..... " _ I_ZTZZJ_Z" "+. .... J_---._-q- ..... _,l...... '........ ,,++,-,,++,,'
-- "" i | | i ! L _J L+J-,-___ L.... J ....... _L. .............. l__=,,k ..... ,,J..... _......

RGA POWER

POWER FACTOR

ROT. CONT POWER

POWER FACTOR

TVC SW NO. 1

POWER FACTOR

TVC SW NO. 2

POWER FACTOR

g t.,_, G POWER

POWER FAC]OR

C01,1"[ PANEL INPUT (1)

NOTES:

1.

* 2.

3,

Power measurements made in each mode.

Power consumption assumed same _n each mode.

Asterisk indlcr4es mode [n which meesurement

wos made,

Measuremen!s made whh SPS engine off. (Two

soleno;ds and 2 reloys.)

]Figure Z+3,-16. SCS Steady-State

4. Lh_e losses and inveder efficlencies not con +

sldeled.

5. AH values hldlooh;d are in watts.

6. Figure does not Mclude energ[zh_g RCS englnes

for maneuvers,

Power Consumption Data

SM-2A+754D
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, Z. 3.7

rate el i00 steps per second in roll ai_d Z5 steps per second in pitch and

yaw. This is equivalent £o gyro torquing rates of Z0 degrees per second in

roll and 5 degrees per second in pitch and yaw. Therefore, if vehicle rates

exceed die gyro torquing rates, the Stepping motor will lag behind the :!iC'=:

vehicle rates. Under this condition, the BM_AG-AGCU loop may not be_.able

to maintain the SCS attitude reference. _i_,._....

TELEMETRY MEASUREMENTS.

The following is a complete listing of all SCS telemetry data that is

monitored by ilight controllers and ground support personnel. The last

co!unm contains the na_ne and t3qoe of S/C crew display• The display

ut_iizes the sa._z-_.epickup or sfgnal source as telemetry, unless a separate

measurement number is included in the:display column.

An asterisk (*) by the rne_:,surement number denotes ip_forlnati.on

• _ ._ k__av].which _.s nol av_._.ila.Lie for .recording or te].enlet_y transn_is .;ion during Or,,..

low.-bit rate operatiort.

Figure Z. 3-4, sheet Z, identifies telemetry measurerr, ents for the SCS

yaw channel. !dentica] rneasure_nents in the following l_.sc, relative to Z]_e

rol} and pitch cham_-e]s, are taken from the seine circuit jcnctions as for

the yaw channe].,

Y..................................-] ................ 7--7
Measuren'ent ge_ , _ l<a_ _ I C_

Number Description ...... _so" _ge "ew Di.';p] ay

": CH 0024 V

-':" Cit 00Z5 V

* CH 0034 V

':-" CH 0047 V

CH 0050 V

CH 0067 V

* CH 0074 V

CH 0075 V

-':-"CI-] 0087 X

-",_ CH 0088 X

* CH 0089 X

* CH 0090 X

CH 0100 X

CH 0101 X

CH 010Z X

C1.-t 0 103 X

':_"CH 10Z4 V

-",_CH i0Z5 V

;',_ CIt 1034 H

-",-"CH 1047 V

Ct-] 1050 V

CH 1067 V

_'," CH 1074 V

Pitch re.is

Pitch rate n_.anual rotation control

]Pitch pos feedback in

PTV diff clutch vo]ts eom.b

Pitch rate error an%p out

Pitch integrator/art error summing

IviTVC pitch rate

Pitch SCS art error

4- Pitch/+X solenoid driver out

- Pitch/+i solenoid driver out

+ Pitch/-X solenoid dx-iver out

- Pitch/-X solenoid driver out

G- N' DV nnode control

G-N DV art mode control

_-r "_ C Oiitl: O1G-N entry o.>.o_.!:

Monitor mode control

%flw rate

Yaw manual rotation control

%fa.w po_,_ feedback in

¥TV diff clutch vo!_s comb

Yaw rate error amp out

Y integrator/art error sunaming

MTVC yaw rate

Zero/+5 VRMS

-6/+6 vdc

T ][; D

-6. Z to +6 Z vdc

TBD

Tt3D

Zero/+10 VRMS

Off/on event

Off/on event

Off/on event

Off/on event

Event

Off/on event

Off/on event

Off/on event

-30 to +30°/see

Zero/+5 VRMS

-8.5/+8.5 vdc

.-85 to 4-85 MA.DC

•-6. Z to +6. Z _d.c

_-Z. 5 ,.'.:o +2. 5 vdc

TBD

FDA.[

F.DAi

None

None

FDAi

None

None

FDAI

None

None

None

None

None

None

None

None

FDA!

FDAI

None

None

FDAI

None

None

STA.BILiZAT!ON AND CON'fROL SYSTEM
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Mea sur ement

Number

CH 1075 V

_',-" CH 1087 X

-':<CH 1088 X

-':-" CH i089 X

,:-" CH 1090 X

CH 1100 X

CH 1101 X

CH 110Z X

CH 1103 X

CH ]104 X

•",-"CH Z015 V

::-" CH Z0Z4 V

,:-" Ctt 2025 V

-':-"CH ZOZ6 V

",-" CH Z030 T

CH Z050 V

-':'-CH Z070 V

CH Z075 V

:',-" CH Z087 X

• Ch Z088 X

::_ Gh Z089 X

':-" CH 2090 X

,',-" CH Z091 X

::_ CH Z09Z X

-",-"CH Z093 X

• CH Z094 X

CH 3185 X

,',-" CH 3186 V

CH 4 100 H

CH 4101 H

CH 410Z H

CH 4 103 H

CH 4 104 H

CH 4 105 H

",_ CH 4 320 X

-':" CH 43Z1 X

CG 0001 V

D e sc r iption

V yaw SCS art error

+ Yaw/+X solenoid driver out

- Yaw/+X solenoid driver out

+ Yaw/-X solenoid driver out

- Yaw/-X solenoid driver out

SCS DV mode control

SCS art mode control

SCS entry mode control

SCS local vertical mode control

MTVC mode control

Combined AG SMRD

Roll rate

Roll man rotation control out

Combined RG SM_RD

Combined attitude gyro temp

Roll rate error amp out

Roll attitude error amp out

Roll SCS att error

+ Roll/+Z solenoid driver out

- RolI/-Z solenoid driver out

+ Roll/-Z solenoid driver out

- RolI/--Z solenoid driver out

+ RoII/'}'Y solenoid driver out

- Ro]I/+Y solenoid driver out

+ Roli/-Y solenoid driver out

- Roll/-Y solenoid driver out

• 05 g Manual switch

DV remaining pot cut

Resolver sin out pitch att

Resolver cos out pitch art

Resolver sin out yaw art

Resolver cos out yaw art

Resolver sir. out roll art

Reso!ver cos out roll art

SPS solenoid driver out 1

SPS solenoid driver out Z

Computer digital data 40 bits

Sensor Range

Zero/+10 VRMS

Off/on event

Off/on event

Off/on event

Off/on event

Event

Event

J£vent

Event

Event

0to 5 vdc

TBD

Zero/+5 VRMS

-0 to +5 vdc

0 to +5 vdc

-6. Z to 4"6. Z vdc

•-Z5/+Z5 vdc

Zero/10 VRMS

Event

Event

J"_2vent

Event

Event

Event

Event

Event

-3 to +13 KFPS

-IZ to +IZ VRMS

-IZ to +]Z VRMS

-IZ to +IZ VKMS

- IZ to +!Z VR.MS

-1Z to +IZ VRMS

-1Z to +IZ VRMS

Event

Event

Event

Crew Display

]b'DAI

None

None

None

None

None

None

None

No,q e

None

None

FDA.I

F])AI

None

AGAP

TEMP

LIGHT

FDAI

None

FDAI

None

Nor,' e

None

Noli e

None

Non e

None

None

None

ZxV

Counter

None

None

None

None

None

None

None

None

Delta V

]Display

E

Mission

ST.A..BILIZATION AND CONTR.OL SYSTEM

Basic Date_).Z_2_°_X__2.6-k---Cha;_ge Date:_
....Z_L1:..Z,...........Page - • 9



f,,t
b :{:

il::!

% :;!

ShiZA-03-.SC0 ifi

APOLI.O Ot:'ERA'FIONS iIAN])5001<

SYS'£EE[S DATA

I::<!
4

! i q

iS
]

1

," t_;l

I
! F7

i rs
[ii

]

!

:q
? :S

'i

l:d

;i

:1

i i:,J
]

q
1

:: 8

4

::;5

}I

!

2,4.1

SECTION Z

SUBSECTION Z°4

SERVICE PROPULaIDN SYST£N{ (SPS)

FUNCTIONAL DESCRIPTK)N.

The service propul.sion subsystem provides the major in-_pu!se for all

major velocity chemges (A\r's) ti_roughout a mission, plus the S/Ni abort

after the launch escape tower is jettisoned. To perform this function, the

susbystem incorporates a helim_ pressurization systen_, a prope]].ant feed

system, a propellant gauging and utilization systen_ and a rocket engine.

The oxidizer is nitrogen tetroxide, and the A_el is a blended hydrazine

• ,- '- 5_,{ anhydrous(approxln_a_e_/ 50°/0uasyr:.;metr]ca.i di]ncthyl hydrazine and _c'_

hydrazine). The pressurizing gas is helium. The subsystem incorporates

displays and sensing devices to permit ground-based stations and the crew

to monitor its operation.

A functional flow diagram is contained in figure Z,4-].

The heliwn pressure is directed to the be]ium pressurizing valves

which isolate vhe he]imm d_,_r_n_ nonthrusting _;eriods or aNows the he]iun_

to p.essu;'_ze_<< _ the fuel and o,.;d_zr,,-.................tanks 6t,,'_,,,.._ thrusting periods ..... _m,r,

helium pressure is reduced at the pressure regulators to a desired _vork-;n(_• o

pressure° The regulated heliun-_ pressure is directed th:,:ough checR valves

th7_t per:-nit heliu_n flow in the domrnsIrea:,y_ direction when the pressurizing

valves are open, and prevent a reverse flow c,f propelisnts during non-

thrusting periods, The heat exchangers transfer ]-,catfroni the propellants

to the he,liun', gas to reduce any pressure excursions that n_:ay result fron-_ a

temperature differenlJai ])eiween the he]iuYn gas a.nd propel.]ants in the tanks.

The relief va].ves maintain the structural integrity of the propellant tank

systems if an excessive pressure rise occurs.

The total propellant supply is contained within four similar t-mRs:

an oxidizer storage tank, oxidizer surnp tank, fuel storage tank, and fuel

sump tanks. The storage and sump tanks for each propellant systen_ are

connecte.d in series by a single transfer ]ineo The regula.tcd heliun_ enters

into the fuel and oxidizer storage tank, press_:ci'4ing the storage tank

propellants, and forces the propellant to an outlet in the storage tan]< which

is directed tl_rough a transfer line into the respective sump tank standpipe,

pressurizing the prope]lants in the sunup tank° The prope]]ant in the sUreR

tan]%is directed to the exit end into a propellant retention reservoir,

retaining sufJicient propellants at the tank outlets to pern]it engine restart

capability in a zero g condition, 'Fhe propellants exit fron] the respccd.te

sump tanks i,]to a single line to the heat exchanger.
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A propellant uti]ization valve is installed in the oxidizer line, and

is powered only during SPS thrusting periods° The propellant utilization

valve aids in maintaining the cen_er of mass in a relatively confined area. in

the Y - Z plane, in addition to simultaneous propellant depletion. The

oxidizer supply and fuel supply are connected from the surnp tank to the

engine interf_ce flange.

The propellants flow from the prope].lant surnp tank feed through their

respective plumbing to the main pr°pellant orifices and filters to the

bipropellant valve. The bipzopel!ant valve assembly contains the main

propellant valves that are T_meumatically controlled and alJows the propellant

valves to distribute the propellant's to the engine injector during thrusting

periods, or isolates the propellants from the inj_zci:or d_ring nonthrusting

periods.

The engine injector distribu!es the propel!ants _hrough orifices in the

face of the injector \vhere the fuel and oxidizer impinge upon each other,

atomize, and ignite due to hypergo]ic ignition.

The ablative combustion chan_ber absorbs the heat generated wiihin

the chamber. The nozzle extension is attached to the ablative eharnber and

radiates to space°

The engine assemb]y is mounted to the si:ructure of the service module

and is gimbaled to germit thrust vector alighrnent t:hro_gh the center of mass_

prior _o t_r_st initia.ti_onand thrust vector control during a thrusting period.

A flight combustion stability monitor system is employed to monitor the

engine for instability during thrusting periods.

Propellant quantity is measured by two separate sensing systems:

prirnary and auxiliary° The sensing isyste;ns are powered only during

thrust-on periods due to the capacitance and point sensor measuring

techniques. The linearity would not provide accurate indications during the

zero g SPS nonthrusting periods°

The control of the subsystem is automatic with provisions for manual

override.

MAYOR COMPONENT/SUBSYSTEM DESCRIPTION.

Pressurization Subsystem°

The pressurization subsystem consists of two helium tanks, two

helium pressurizing valves, two dual. pressure regulator assemblies, tv,,o

dual check valve assemblies, two pressure relief valves, and two heat

exchangers° The critical components are redundant to increase reliability..

E
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He].ium Tanks o

The two helium supply spherical pressure vessel.s are located in the

center section of the service module.

Helium Pressurizing Valves.

These two continuous duty solenoid-operated valves are normally

closed to the helium supply pressure. The valves are energized open and

spring-loaded closed. When the helium switches on panel Z0 are in the

AUTO position, the valves are energized and de-energized by the thrust

ON-OFF signal. The valves n_ay be manually controlled by the crew:

utilizing the ON and OFF position of the helium swi.tches. Each valve is

controlled individually by a separate switch on.panel g0o

Each valve contains a position switch which controls a position

indicator above each switch, on panel Z0o V(hen.a valve is closed, the posi-

tion switch is open and the indicetor is gray (same color as the panel)°

\Vhen a valve is open, the position switch is closed a.nd the indicator has

diagonal lines, indicating the va]ve is open°

In the event of a failure in the automatic mode of operation, the trey:

ro.anually enables the pressurizing v_b,re or valves on pane]. Z0. In the e\'erR

of a prob].en] with one of the regulating units, the crew manually isolates the

required pressurizing valve.

Pressure l<egulator Assemblies.

Pressure regulation is accomp].ished by two pressure regulating units

in parallel, downstream of each helium pressurizing \:alve_ Each regulator

unit contains a primary and secon.d_ry regulator in series, and a pressure

surge damper installed on the inlet to each regulating uniL

The primary regulator is normal]._" the controlling regulator, while the

secondary is normally open during a dynamic flow co_,dition. The second-

ary regulator will not become a controlling regu].ator until t]).eprimary,

due to a problem, allows a higher pressure than normal, and al]ov:s the

secondary regulator to function and become the controlling regulator° All

regulator pressures are in reference to a bellows assembly that is vented

to ambient.

One of the regulating units incorporated in one of the para!]el paths

is considered the working regulator. '£he regulating unit in the rer_,aining

parallel pat h is normally locked up _::hen the syste._znis dynamic. The

regulator that is norn-_a].ly locked up would not function until !he normal

regulator allowed the regulated helium pressure to decrease, due to a

problem, and allow the normally locked-up regulator to become ti_e

functioning regulator.

u-, :;_' <
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Check Valve Assemblies.

Each assembly contains four independent check valves connected in a

series-parallel configuration which provides added redundancy. The check

valves will not open until there is a 4-psi pressure differential between the

check valve assembly inlet and outlet lines°

Helium Pressure Relief Valves°

The pressure relief valves consist of a relief valve, a burst diaphragm,

and a filter.

In this event_ ¢.xcessive b.elium ard/o:c propellant vapor ruptures the

bu_ _ di_phrag_n and the fi.lter ,'fi]Jer is t:o be a nonfragmentation type) filters

any fra_rnentationo The re]ief valve opens and -v<;nts the _.pplicable system

to space_ _nd will clos4 and reseal after the excessive pressure has _:eturned

to i:he operating-level. The burst dia.phra.gn:_ provide9 .s.more positive seal

of heiium th_n a. relief valve. The. fi][ter prevents any Iragmen.ts f)'on_ the

diaphragm frorn e:ate:¢ing the relief valve seat,,

A pressure bleed device is incorporated betwc;e_ the burst diaphragm

and relief valve. The bleed valve vents the cavity between the burst dia--

phragn_ _nd relief valve in th.e event of any ].eakage froztn the diaphrag.,_n.

The bleed device is norrna!ly open and \viii close when the pressure increases

up to a predetermined pressure.

Heat ]<xchanger s,

Each unit is a line-mounted, counterf!ov_ heat exchanger consisting

of a portion of the helium press_).rization li_e, coiled hel_caily within an

enlarged, section Of the propellant supply line. This arrange_ent causes

the helium gas, flowing through the coiled li_..e, to approach the te_-nperature

of the propelk_nto

Propellant Subsystem°

This subsystem consists of two fuel tanks (storage a.nd sump)_ two

oxidizer tanks (storage and surnp), prope]lant feed iirtes, and bipropeilant

va]ve a s s e.nqbly,

Rropel!ant T_.nks.

The total propellant supply is contained within four hemispherical-

domed cylindrical tanks within the _:ervice mod_leo The storage tanks _re

pressurized from the heliuvn supply, and an outie i:transfers the propellant

and/or he]lure gas fron_ the storage tanks through their respective transfer

lines to the sump tanks. A standpipe, i.u the sump tanks_ allows the pro-

pella_.t aDd/or helium gas from the r_torage tanks to pressurize the _ sump

tanks° Thus, the propellants in the surnp tanks are direcled in the retention

reservoirs, to the outlet, and then to the engine°
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The retention reservoirs are installed in the exit end of the sunup

tanks only. The unnbreila propellant retention screens retain a clusntity

of propellant in the exit end of the sump tanks, in addition to retaining

propellant within the retention reservoir can and in the plun_bing from _he

sump tank outlet to the bipropellant valve of the SPS engine during z4ro g

conditions. An ullage maneuver must be performed prior to a thrust-on

signal to the SPS engine by the S/M RCS. The ullage n_aneuver is per-

formed to ensure that no gases are retained below or aft of the retention

screens, in addition to settling the propellants and ensuring that the

retention screens are not da_magedo

Tank Propellant Feed Lines.

The propellant feed lines have flexible bellows a.ssernblies _nstailed

to permit alignment of the tank feed plumbing to the engine interface.

plumbing.

_ipropellant Valve Assembly,

The bipropellant valve _ssembly consists of two gaseous nitrogen

(GNZ) pressure vessels_ two injector prevaives, two ON Z regulators, two

GNZ relief valves, four solenoid control valves, four actuators, and

eight propellant ball valves.

_aseous Nitrogen (ON Z) Pressure Xfessels.

TwoGN Z tanks are mounted on the bipropeiiant valve assen_bly (:hat

supply pressure to the injector prevalves_ O__,e C_Z [,_,._kis !_ I],_:L,ri_a_ y

pneu_:natic control system A and the renqaining C_NZ tank is in the secondary

pneumatic control systen_ lB,

Injector Prevalves.

The injector prevalves are two-position solenoid-operated valves,

one for each pneu._T_atic control systen_ and identified as A and _. "ll-,e

valve is energized open and spring-loaded closed. The injector prev_]vc:

is opened upon command from the crew, panel 3, prior to an engine

thrusting period. The injector prevalves energized open allows GN Z

supply tank pressure to flow to an orifice and on into the regula.tor..

ON 2 Pressure Regulators.

A single-stage regulator is instal.led in each pnemna_c' control

system betvzcen the injector preva]ves and the solenoid control valves. The

regulator reduces the supply ON Z pressure to a desired working pressure,

SERVICE I_]iOPULSION S Fo ± t,,'
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GN Z Relief Valves.

A pressure relief valve is installed in each pneumatic control system,

downstream of the GN Z pressure regulators, to limit the pressure applied

to the solenoid control valves in the event a GN Z pressure regulator mal-

functioned open. The orifice, between the injector prevalve and regu!ator,

is installed to restrict the flow and allow the relief valve to relieve the

pre.ssure in event the regulator fails to open, preventing any damage to the

solenoid control valves and/o_: actuators.

GN Z Solenoid Control Valves.

Four solenoid-opera{ted, three-way, two-position control vaiw_s are

utilized for actuator control. Two solenoid control valves are located

downstream of the C}N Z regulators in each pneumatic control system. The

two solenoid control valves in the primary system are identified in l and Z,

and the two in the secondary system are identified as 3 and 4o ]?he two

solenoid control valves i_. the primary system control the actuator and ball

valves l and Z. The two solenoid con.trol valves in the secondary system

control the actuator and ball valves 3 and 4o The SPS thrust ON-OFi _'com-

mand controls the energizing or de-energizing of all four solenoid control

valves.

GN Z ]Ball Valve Actuators,

Four piston-type, pneumatically operated actuators are utilized to

control the ei._ht propel!emt ball val\,,_o .Eat], actuator piston is n_echan.

ically connected to a pair of propellant ba].] valves; one fuel and or]e

oxidizer. V'/hen the solenoid control valves are opened, pneun-_atic pres-

sure is applied to the opening side of the aetuators_ ']['hespring pressure,

on the closing side, is overcome and the actuator piston moves. U'tilizing

a rack and pinion gear, linear motion of the actualor connecting arm is

converted into rotary motion, \vhich opens the propellant bali valves.

When the engine firing signal is removed from tn_ solenoid control valves,

the solenoid control valves close removing pneu_natic pressure source

from the opening side of the actuators, The actuator c].osing side spring

pressure hove forces the actuator piston to nqove in the opposite direction,

causing the propellant ba].l valves to close. The piston rnoven]ent forces

the rernaining OsN Z, on the opening side of the actuator, back through the

solenoid control valves where th(.'yare vented overboard°

Bipropellant Valves°

The eight propellant ball valves are used to distribute fuel and

oxidizer to the engine injector assen:blyo Four iin.ked pairs, each pair

consisting of one fuel and one oxidizer ball vah'e con_rolled by a single

actuator, are arranged in a serJes-para!].el configuration. The parallel

arrangement provides redundancy to ensure engine ignition, and the

series arrangement to' ensure thrust termination. When the actuators

_.n:vVICiF_ PIhOPULSION SYSTEN{.
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are opened, each propellant ball valve is rotated, thereby aligning the ball

to a position that allows propellants to flow to th.e engine injector assembly.

The mechanical arrangement is such that the o),-idizer ball valves n]aintain

an 8-degree lead over the fuel ball valves upon opening, which results in

smoother engine starting transients. Each pair of propel!ant valves

incorporates a potentiometer drive gear and housing. Each housing conca;.ns

two potentiometers that are mechanicallf driven: one provides an electrical

signal converted into a visual indication of va]ve position of panel 20, and

the remaining provides a signal to telemetry.

Engine Propellant Lines.

Integral propellant lines are utilized, on the engine_ to route each

propellant fronn the interface po]nts in the gimba], plane area to the pro-

pel]ant engine gimb_}]_ng, orifices for adjustn-_ent of oxidizer/fuel ratio,

and screens for keeping particle contanninants fro±_ entering the en.g]ne.

Engine Injector.

The injector is bolted to the ablative thrust chamber attach pad°

Propellant distribution to the injector orifices, on the combustion face of

[be injector, is accon_plished througl _,concentric annuli machined in the

face of the injector assembly and covered by concentric closeout ri_:,gs.

Propellant distribution to the annuli is aCcom.plished through alternate

radial, manifolds we].ded to the backside of the knjector body° The ]_)jec--

tot is regenerative]y cooled and baff]ed to :_rovide combustion stabilit:v.

']7he fuel and oxidizer orifices i_T;.pinge upon each other, aton_ize, and

ignite due to hypergolic reaction.

Ablative Combustion Chamber.

The ablative combustion chamber materiil extends from the injector

attach pad to the nozzle extension attach pad. The ablative material

consists of a liner, a layer of insulation_ integral metal attach flanges for

mounting the in_jector and nozzle extension, and structural outer reinforce-

ment. The only restriction on a restart is dependent upon the SPS WALL

TEMP HI caution and warning light, on panel i], monitoring the outside

wall temperature at the throat°

Nozzle Extension.

The bell-contoured, nozzle extension is bolted to the ablative thrust

chamber exit area. The nozzle extension is radiant-cooled and contains an

external stiffener to provide additional strength.

z .' - }l#ligh[ Combustion Stability Moh_.t(1 (FCSM)0

The FCSM ia an accelerometer package, mounted to the SoS engb_e

injector, to monitor the engine for vibration buildup characteristic of

combustion instability.
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The three accelero _ncters provide signals into an ]FCS_.4 box assembly

which an-_.plifies it and, when the vibration g_-!eve], exceeds ].80 gts peal< to

peak for 70_Z0 millSseconds_ a level, detector triggers a power switch gating

po\ve_ ° to the sun_n_ing logic° The stability monitor wSil monitor only in a

frequency range m']_ere instability _:vou]d occur (approxirnate].y 600 to 5000

cycles per second)°

The summing logic, if there are two or more rough co_Ttbustion

signals received from the norrna].ly closed contacts, will open removing

power frown the G&Iq and SCS driver logic; and will close the normally open

contacts providing a ground to the SPS ROUGH EGO caution and warning

light, on pa_4e! ]0, informing the crew the SPS engine was shut down due to

combustion i_ s [_.bili ty ,.

The FCSM. trigger circuits will provide power to the voting logic

relays continuo_s!_; onc_ unstable con_bustion is ,_ensed; and power re_<nains

applied to t};e voting ].og_c z'e]_.ys even though the engi_oe is shut down,

unstable co_r_bust].on is no longer sensed, an(:] the Sins R.OUG_{ EGO restrains

liiLll_] !naLt_< ,

When the e.ngine is shut down to unstedble co_nbustion and t,o remove

power f_:on_ the -¢oting logic rel;-_ys, the crew,vou]d place s.ny on:" of the

fol]owins: s\vitcbes to the position indicated to reset the ]fGS]_A voting Ic)gic:

ao AU'I_O_OV],]R.R]TD]_J switches l:o O\rl;J_t<ID]E,

b. AV switch to O]Ft:'o

c. A'.UT]I_(JDi_.,h,iOiN]I'[UO]?_..1EI',_T_LY _\,.;Stcb to cithe_ MOi'qJ.']7OI-1 or

];3NTR.Yo

d, 905i',4 SOS and C_6.,.iqswitche_{ to R]:]S]_T/©",r]41<IIIDEo

.... ;:,]-,nROUGI-I ]_](;O light on pa>el ].0 will\¥ben tl,e FCSM is reset_ the _ _" ...

not he il].u_nin._.ted,

O_; .E, :,...c,._.Dlb , onThe ]ZGS]ET/ _"_ '" s\vitebes p_.nel Z, provide a t'vps.ss

capability of the ]FCSM systerno With the ]FCSM _[<E]SG'!'/OVEI<Ji]IDE

s\vit:c]:es_ on panel Z_ in the ILES]CT/O\zERRIDE position, power is no_:

provided to the IPCSIv! box and sum_-.ning logic assen*_b].ies rendering the

EGSbi inope:cative &s well as the SPS !<OUGI[[ EGO caution and \yarning

light on panel ]0° If unstable combustion occurs, the engine continues to

thrust,

The FCSM box assembly and sunm_ing logic assembly receives Dower

from tbc SGS th_:ough the following s\vitches;

a. Mode select switch to G-man or SCS rnode._ panel S.

b, AT'flTUD_]-h,IONI'.f'OIi-]E!'qTIR..Y switch to .A']'TITU]DE, panel 8,.

c. z%.'Vswitch t:o hV _osit_on, p<-_nc] 8,

do FCSM G&N: RESETIO'_r]{]RI<I]Dk] s\v;.tch t:o G-&IN position, panel Z,

e,, Z'C;S.td SGS_ RESET/C)VI!]R;LID]'] switch t:o SGS posit!or:, panel Z

q.

[i:

k_

i,.h,

c.:

L
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Z.4. Z.8 SPS Electrical Heaters.

Twenty-six electrical, strip heaters are enqployed on the propellant

line brackets, fuel and oxidizer h.eat exchangers, propelhq.nt utilization

valve, bipropeilant valve assembly, and the injector tubes. These elec-

tircal strip heaters are enqployed to control the temperature of the ea_tire

aft bulkhead and engine areas thus the propellants.

The strip heaters are controlled as a normal n_anual function of the

crew, on panel 19 (figure Z.4.-Z), utilizing the SIPS HEAT.CI-t switch. The

crew will place the switch to position A or ]3 when the propellant temper- F_:,.

ature indicator_ on panel Z0_ reads -° 40°F (].ower red line indication) which_ _E

is equivalent to a propellant temperature of +40°F_ The propellant ternper_- i
ature readout J s derived fron] the engine fuel-feed line measurement _._,:._:

(figure Z.4-1)o The crew will place the SI°S t-]EATER switch to OFF when

the p_:ope!lant temperature indicator, on par_el Z0, reads 1-80"]?" (upper red

line indication) which is equivalent to k prope]l.ant temperature of q 1Z0°i:',,

Propella.nt Temperature Comparison

, ••i̧

4

/!

J

-?iI

/i

k J

IA

124_

lJ

F_

r,• "2c_

i_rope[iant Ten:perature Indicator Reading _i p

0ot_ 0  --7i7ol-- o-7o. I <_I+7°2 2 °_-°'_2:e 00
Equivalent Temperature °F

...... T--r _ ..... b106_67 +120 +133.34 +146.6'1 '+0 ]t+1333 qZ667'4.,!e, +53.34 +66.67 +80 +93.345160!.,.175.341, +186.67
|

2°4.2.9

Z.4. Z.9.1

When the SIPS HEATER switch is placed t-o position A, all 26 heatJr_g

elements (A) will receive Z8 vdc. When the SIPS HEATER switch is p]aeed to

position 13, all. Z6 heating elemer_ts (k_) wil]. _'eceive Z_ vdc. 'I'he O]:'F posi--

tion of the SPS MEAT?'R switch removes all electrical power from the SIPS

heating elements.

Thrust Mount A sse_blies.

The thrust n_ount s.ssennbly consists of a ghnbal ring, engine-to-

vehicle mounting pads_ and gimbal ring-to-combustion chamber assembly

supports. The thrust structure is capable of providing J:8o 5 degrees

inclination about the Z-axis and ±7.5 degrees about the Y-axis.

Ginnbal Actuator°

']:hrust vector control of the service propulsion engine is achieved by

dual- , servo- , electro-mechanical actuators° The gL<nbal actuators are

capable of providing control around the Z-Z axis (yaw) of 7 (+l/Z, -0)

degrees in. either di_ectior,_ fr01:q a +4-degree null offset, and around the

Y-Y axis (pitch) of 6(+I/Z, -0) degrees ill either direction from a zero-

degree null offset. The res.son for the 4-degree offset to the +Y axis is

due to the offset center of mass in the spacec_'aft.

IB@,ch actuator assembly (figure Zo 4-3) consists o_ four elect_'on_c_gn}_tJc

particle clutches_ two d-c motors, a bull gear, jackscrew and ram, ba]:l

nut, four linear position transducers, and tv/o velocity generators_ The

act._.ator assembly is a sealed unit and enclose those portions protruding

from the main housing.

:!
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CASE I

PRESSURIZING
IFITI-ING_ [I

POSITION

PRESSURE
iNDICATOR

\

EXIENDAND
RETRACTCt.UTCHES"
(2 PEACES)

TRANSDUCER _
l

(2 PLACES} i:q

IMBAL DRIVE
MOTOR{2 PLACES

P-IOITB k ,_

Figure Z,4-3. SPS Electro-Mechanical Gimbal Actuator

One motor and _ pair of cl.utches (extend a_.dretract) are identified

as system No° 1_ and the remaining motor and pair of clutches (extend and

retract) are identified as system lqo. Z within the specific actuator°

An over and undercurrent relay is emp].oyed for each prima.ry gimbal

motor- (figure Z.4-4), and is controlled individually })y a switch on panel 3.

When the prirnary GIM_A]_, XdO']7OIZS switches are placed to the START

position, power is applied to the motor-driven switch within the over and
undercurrent relay of the primaries. The motor switch then supplies power
from the main bus A to the gin-tbal motor. When the switch is release, d_ it

spring-loads to the ON ]?osition which activates the over and undG'rcu_rrent

sensing circuitry of the primary relay which monitors the ct_rrent to the

gimbal rnotoro

The over and under current z'elay of the p±'in_aries are utilized bo

monitor the current to the girr_ba! motor due to the variab1_e current flow

to the gimba] motor that is dependent upon the gimba], angle change required.

fi Miss ion.
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[]sing No_ l ya\v system as an exal_n,p].e, and _.dentifying the upper

nzotor and clutches in figure Z.4-3 as system No. l, the operation of the

current monitoring systen_ is as re]lore, s:

a. If the relay senses an over or undercurrent to gin_ba[ n-Jotol _ No, i,

the monitor circuitry within the relay will drive the n_otor-driven switch,

removing po\ver from gimbal motor No, 1,

b. Simultaneously, a fail sense signal is sent from the relay, tb.e SGS,

\vhich opens relay KI3 removing inputs from the 9[o. ] c].utches and closes

relay ]if4 applying inputs to the Nee Z clutches \vithin the same actuator]

and the top contact of I<IZ opens and the bottom contact of ll]Z closes for

TVC monitor.

c. S_n_ultaneously a sign_l is sent _o ilhnni_ste a caution and warnin Z

light on panel ]l, to indicate the pr-]n]ary gimba[ n-_otor has f_iled.

The prin_ary s\vitches on panel 3 arc then placed in the OFF position,

[{orrnatl_y the O_'F position is used to sh_._t <]own the Zi_ba]. n_otors upon

]he cornp!etion of a thrusting period,

The No, Z systems en_p].oy a 70--amp circuit breaher that is located

in the service module nest the SIftS po_'er distribution box°

Using No. Z ya-_ system as an example (figure Z.4-4)_ the operation

of the current monitoring syster_ is as followst

a. When the secondary GII\.iBAL MOTOI<S s_vitches are placed to the

START position, power is applied to the n-_otor-driyen s_vitch within the

over and u_dercurre_t relay of the secondaries° The motor s_vitch then

supplies po\ver fro_.n the n-_ain bus _ through the 70-an_p circuit breaker,

and through the. motor-driven sv,,iteh to the sccond_,.ry gi_-nbal _notor.

b. When the secondary switch is released, it spring-loads to the O_7

position _vhich performs no functions on the secondaries°

co The 70-.amp circuit breaker wiU monitor the current to the secondary

ghnbal motor; and if a cup'rent of 70 arnps is sensed, the circuit breaker in

the service n_edule \rill remove po\ver fro_.<n,the second_._:y gimbal rnotor,.

d. There is no fail sense signs.] sent to the stabilization _nd control

system, and no illumination of the caut._on and warning light on panel Ii from

the secondary system.

e. If the No. Z systen_ has failed due to an overcurrent, the circuit

breaker removes po\ver from girnbal motor No,. Z only_ and that specific

actuator is inoperative if the No° i system has previously failed.

The secondary s\vitches on panel 3 are then placed to OFF position,,.

Norn_a].ly, the OFF position is used to shut dom, n the gin-_bal motors upon the

co,op!at]on of a thm'usting per].odo

The clutches are of a :_nagnetic partic].e type° The girnbal _-notor drive

gear meshes \vith the gear on the clutch housing° The ge;Irs on each

clutch housing.: n_esb and as _ result_ the clutch housings eounterrotateo

The current input is appl_ed to the electro-magnet n-_ouni:ed to the rotating

clutch housing fron_ the stabi]{zstion control systen'_ or _n the guidance and

navigation system through the stabilization control system. A quiescent

'_v" ", f_ _ _ , C_ Z,IV].S_,]<\ _t,K, PROI_ULS!O]q S vo''"'-....

h,]ission Basi,_ _-_-_ lZ ]qov ]906 Ch<_)_e ]9atc_

Z. 4..- ].4 ',
Ina g e ...................... I
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current is applied to the electro-magnet of the extend and retract clutches

when the thrust vector POWER switches, on panel 24, are on, which

prevents the engine from n-_oving during the boost phase of the mission with

the gimbal n_otors OF_'. A Z46 foot-pound force would be required o_ the

engine to overcon_e the quiescent current (equivalent to 1.53 g) in the

clutches. The gimb, a! motors will be turned on, prior to jettisoning the

launch escape tower, to support the SPS abort criteria after the launch

escape tower has been jettisoned, and will be turned OFF as soon a.s possible.

to reduce the heat _oblen._ that occurs due to the gin_bal motors drivino the

clutch housings. \Vith quiescent current applied, it creates a friction force ' , :

in the clu.tch housing that creates heat, which if a!.lowed to rise to a high 1 "

temperature the eleetro-magnet would loose its n_agnetism capabi]ity; thus ;_'_:_

rendering that set of clutches inoperative_ This problem occurs only during

boost, not during t],.enormal SRS bur__s.

Prior to any thrusting periods the th,ambwheels on panel 6 can be used

to position the enginea The thrust-on signal rr_ay be provided by the G&.N

through the SCS, o;: by SCS onlyo In either rr_dde the current input required

(to maintain '<he engine thrust vector through the center of mass) to the

clutches will increase above the quiescent current which increases the

current in the electro--magnets that are rotating with the clutch housings.

The dry powder magnetic particles have the ability to become magnetized

very readily as well as becoming demagnetized as readily° The n_agneti.e

particles increase the friction force between the rotating houz, ing and the

flywheel, causing the f]ywheel to rotate. The flywheel arrangement is

attached to the clutch output shaft allowing the dutch shaft to drive the bull

gear, The BL,1]. gea._ .... : ...... a bs.]! nut --'*-":_> -_i .... we .%."tuaior jack--

to an extend or retract position, depending upon which clutch housing

electro-magnet the current input is supplied to° The larger the excitation,

current, the higher the clutch shaft rotation rate,

Meshed with the hal! nut pinion gear are tv,,o rate transducers of the

tachometer type° W]._en the ball p,ut is rotated, the rate transducer supplies

a feedback into the sumrning network of the !-]_rust vector control logic to

control the driving rates of the jackscre',,v (acting as a dynanqic brake to

prevent ove." or under'correcting), one transducer for each syst,ern.

The jackscrew contains four posit5on transducers_ all arrange<] for

linear motion and all connected to a single yoke. One of the position trans-

ducers is used to provide a feedback to the sun_n_ing network of transdnc.er

feedback° The two feedbacks to the sustaining network reduce the output

curre_t to the clutch, resulting in a proportional rate change to the desired

gimbal angle position and returns to a quiescent current.

One position transducer provides a signal to the visual display on

panel 6o One of the position transducers providesafeedbackto the rcduizdant

summing network of the thrust vector logic for the redundant clutches. The

rezp. ai_-,'ingposition transducer is not presently utilizedo

{!!:!_
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The spacccraft desired itaodon, thumbwheel positioning_ engine nozzle

position., thrust vector position, gimbal position display indicator and actu-

ator ram move_ent is identified in figure Z. 4-.5.

A snubbing dev._ce provides a hard stop for an additional l-degree

travel beyond the, norrna.l gimoal !im_ts.

bianual th.rust vector control, may be obtained by the crew placing the

translation cont_oi clockwise° This will open contacts KI0 and KI3 and

close contacts Kli and Ki4, a].lowing the rotation control to provide the

crew with manual thrust vector controi_

Zo4.Z,]0 pro___pe]ltant UtJ!_za.tion and Garaging Subsystem (PUGS).- "_ " _ ....... LI_- -- .......................................................

Tl_e subsysteFn consists of eight propell.anc quantity sensors, a pro--

pellanfi utilization valve, a cent:tel ur:dt, and a 4ispl_y unit (figures Z,4-6

and Z, 4- 7),.

Z,4.2. 10o]. Quantity Sensing, Con_puting, and Indicating System°

Propellant quantity is measured by two separate sensing systems:

prhnary and auxiliary° The prinaary qu&nti_y sensors are cylindrical

ce.pacita.nce probes, znounted axially in. each tank° !n the oxidizer t%nks_

the probes consist of a p:_ir of concen!:ric electrodes with oxidizer used as

the dielectric° In the fuel tanks, a pyrex glass probe, coated with silver

on the inside_ is used as one conductor of tl_e c.apaci_o_ l_'uel on the out-

side of i.}._ept-oL< it tLe ,Ahem: conductor_ _hs pyre:: _!ass itself fern, s the

dielectric, The auxiliary system utilizes point sensors mounted _-_tintervals

along the prirna.ry probes i:o provide a step function i_npedance change

when the liquid ]eve] passes their location centerlineo

P,'imary propellant measurement is accomplished by the probes

capacitance being a linear function of propeliant height°

Auxiliary propellant m.easurement is accompl.ished by locating the

propellant level with point sensors, Each point sensor consists of con--

centric metal rings, seven in the storage tanks and eight in the sump tanks.

The rings present a variable impedance, depending on whetber they are

covered or uncovered by the propcl].a,_zts0 When the propellants are between

point sensors, the propellants remainin/_ are inlegrated by a rate flow

generator which integrates the serves at a _ate proportional to the normal

flow rate of the fuel and oxidiz¢r_ A n_ode selector senses when the pro-

pellant crosses a sensor and cha.nges the auxiliary serves from the flow

rate gene_'ator mode tO the position mode, the system moves to the location

specified by the digital-to.,.analog converter for 3/4 second to correct for

any differ(race, The system then returns to the flow rate gen.erator :_ode

until the next point sensor is reached, Figures Z. 4-8 z_nd Z, 4-9 illustrate

point sensor locations th<it are covered by propellants° The nonsequentia_

pattern detector function_ to detect fa.].sc or fau].ty sensor s_gnaiso If a

sensor has f_{i!e d, the infornqation from that sensor is blocked froFn the

svstez_., pr(-:ventin Z disr_._])tion of svstcn] co_r:putatiOno

SI_RVICE P[<OPULSION S'YSTEIg
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SfC MOTION D,_. _K,-D
BY THE CREW

SIC NOSE DOWN (P!TCH)

SIC NOSE UP (P_TCH)

SIC RIGHT (YAW)

SIC [.EFT (YAW)

THUMB wM_,
POSITIONED

ON PANE[. ASSEk'IBLY

6TOA
__i

+ NU...... AL (UP)

NUMERAL (DOWN)

- NUMERAL (RIGHT)

ENGi NE NOZZLE
MOVES TOWARDS

THE

+ Z AXIS OFTHE S/C

- Z AX_S OF THE S/C

+ Y AXiS OFTHE SIC

+ Z AXIS OF "'_ I_¢,_.SIC

- Y AXiS OF THE SiC I

G_Fv_BAIPOS ilONl
., _ _ \ T _ _ " ' "TNE THRUbT 7EC:O_, ' ," ," '"_ ,_,"_ _ ACTUATOR

_.-,......... r I PAN,:_LAS_'_SLY | RAM
,.uw_u_ m_ i 6 MOVES TO A i

- Z AXiS OF THE S/C ! + NUMERAL P_TCH EXIENDS
!

- NUF'_%RAL _ PITCH RETRACTS

IYAW _TENDS I

YAW RETRACTS 1

L .... J

- NU,_,,.ERAL

+ NUMERAL (LEFT) ' Y AX_S OF TIdESIC + Y AXiS OF THE SIC i + NUMERAL

THE ACTUATOR NULL POSITION IN YAW IS 4° 'OFFSETFROt'?,THE SIC X AXiS DUE TO

THE ENGINE MOUNTING ?ADS IN THE SERVICE#_ ODU_L BEI,,,GCANTED (BLOCK i VEHICLES)

TP,E THRUST VECTOR IS 4° TOTHE -"YAXIS OF THE SIC AND TileENGINE NOZZLE

IS 4° TO THE -Y AXIS OF THE SiC.

AS A RESULT THE GIMBAL POSiT!O:",! iNDiCATOR 0[4 PANEL ASS£'v'_BLY.6WILL
'_ NUL,- POSitION.1,,_,r.._,_HE ACTUATORS ARE iN TiiL ...._NDICATE A +4° ,,u.'-,__-

TO PARALLEL THE THRUST VECTOR At.;D THE ENGINE NOZZLE WiTH THE X AXIS OF

THE S/C, THE YAW THUMB WHEEL OX PANEL ASSEMBLY 6 I\;_UST BE POS ITIONED
TO 0° AND AS A RESULT THE YAW POSIT!ON INDICATOR ON PANEL ASSEMBLY
6 WiLL INDICATE 0%

iN THIS CASE, THE YAW ACTUATOR IS NO LONGER 1N !TS NULL
POS!TiON IN RESPECTTO THE GFVIBAL R!NG.
THE THRUST VECTOR AND THE ENGINE NOZZLE ARE NOW PARALLEL
TO THE X AXIS OF THE SIC

THE ACTUATOR NULL POSITION iN PITCE IS 0° {BLOCK I VEHICLES).
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When a TIffI<UST--ON signal is provided with the S_I;NSOR select switch

in the PRIMAi_Y or NORlvlAL position, the crew display digital readouts,

and unbalance display will not change for 4.5_I.0 seconds to allow for

prope]!ant settling, I£owever, TLM will receive the same signal as upon

completion of the last firing after approximately one second of SPS TIIP_UST-

ONe

When the THIIUST-ON signal is provided wfth the SENSOR select

switchin AUXiLIAIiY position, the crew display digital readouts and TLM

wi].l receive a change in .infor-_nstio n inn_edi_,te!y which is generated from

a flow rate integrator that simulates the r_on_inal flow rate and transmits

this as quantit_ inforn_adon go the crew displays and TL, Mo The crew

digital readouts, unbalance display, and 'FLM will not be updated to the

propellant f1'o_ a pofn.t sensor for 4oSJ=lo0 seconds alter THRUST-ONe

When the TJ:iRUS'F-ON sigt_al is provided plus .i_5:i_l.,0 scco_._ds, -: a. point

sensor is uncovered the crew digits] reado_ts, u_baLance disp]ay, and T]_,M

will be updated fie the propellant ren_-_ining at that point sensor. The time

delay of 4. 5:hi00 seconds is to the point sensor sys[.er):_ and not to the

auxiliary fuel and oxidizer serves, and is to a!].ow for propei!anl settling°

Any deviation fron_ the nominal oxidizer to fv,.el ratio (Z:I by re.ass) ks

displayed in. pounds by the UNBALANC ]_; indicatoc_. 'i'hc upper half of the

_ndicator is marked I{WC, and the lower half is rnarl<ed DEC to idc.ntify the

required change in oxidizer flow tale to correct an.y_utabalance condition°

When the SENSOR. select switch is in the N©IIk_.iL position, the

outputs of both senso_ systenus are continually compazed in the cornparator

netwo_"k_ If a discrepancy occurs betwcor, t,.,tal pr_._n}).ry and total s.uxi]ia_y

fuel of 300 pounds, or a discrepancy between total pri_r_ary oxidlzec and

auxi]ia.ry oxidizer of 300 pounds, th.e caution a_d warning indicator on

panel ].i is iilurninated_ The output of the oxidizer surnp tan]< s¢_-rvo

amplifier and the prim.ary potent_on_eter of the unba].anee h_dic[&or a_:e

con%pared in the con_pa.rator networ]% e.nd if 300 pounds or 90 ]percent: of

the critical unbalance ir:,dicated versus time remaining is reached

(figure Zo 4-10), the c_.tltion and warning light on pane], l 1 is illurr_i.r_ated,

With the SENSOR select switch in the PRIhiAI_Y position, the output

of the oxidizer smwp tank serve ampiifiex and the output of the primary

potentiometer in the u.nbalance meter are compared in the comparator

ne_work and if 300 pounds or 90 percent of the crit_.ce,.l unbalances indicated

versus tirne remaining is reached, the caution and warning light on panel 1].

is illumin_tted.

With the SEIx]SOR select switch in the AUXIL!A!&Y posit_on, the output

of the auxiliary oxJdiz, er serve amp]i:[ier and the output of the axuiliary

potentiometer are compared in the eomparator nct\vork_ and _f 300 pounds

or 90 percent of the critical unbalance indicated versus rinse ren_aining is

reached (figure Z_ 4--10)_ the caution and warning lig}-t on panel li is

il]un]inatedo

!
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QTYLBS
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S_LECT SWITCH
tADC2G

FUEl. DISPtAY

PRI,_,; FUEl SOMP

PRIM FUELSTORAGE

AUX FUEl.

SOLID
_ATE

S_AqTCH

I
i

FROM SENSOR

SELEC[ SWITCH

MDC 20

UNBALANCE DISPLAY

A!IX OXID

PRIM OXID SUMP

PRI_ OXID STORAGE
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STATE

SWITCH

TOTAL OXIUITER
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EJ.gure 2< 4-.10, P_vopelia.nt Unb_!a.nce W4r_ing Syste_."n Out:I_tZt. Cha.Jtt

e o ¢.Once the warnkng ]:._h_ is fllo.minated, the c_:'ew can. determine \vhether

there fs a :,x_].:[v.nc(:i.on within the quantS_ty r__nd in.d;.cating systems os" if there

is a t_'ue unbaia_ce condftion e>rJ.sdng by uue of the self-test poz'tion of the

system° By observing the response of each system in conjunction veil;t_ the

TEST switeh on pa.nel Z0, t].,ecrew c&n :¢eco[u_iz,e the malfunci:g.on or

determine if there :i.s a. true unLa].a.nce cxisdn.go

j' ,I, 2, I0, Z Quantity Gor.uputfng anna )h_.dfcat:i_.g Syster.< Test,,

A test of_the ser,s:in¢._.,y_tm_<_,.,e>::clu_d_ngthe poknt senso:'s and pz'obes

can be i_x_])].e.rnent_ddurS.ng '!'k]IB.OST--O]q or -.OF1 ? pe_:iods,

W'_th the SE:]',_SOR select switch in PI\[N.'(A!ZY an.d the TEST s,.vftch fn

the '17_S'1' U]P posi.l.ion, t]_-_ test stimuli is appli.ed to th:_ prfrna_'y syst(.'_n.

tank se_'vo a_w, plif'e.cs a2t(:.,- a. 4_ 5.--k-].¢0 .'-_er:ond de]aye A% t:bis tin_e, the [:<:st

r;ti<nuli w].]]_ drive: the iuel and oxidi>se:c displays to at: increase reading at
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different rates (oxidizer at a rate of approximately 3 digits per second• and

fuel at a rate of approximately l,,5 digits per second}, resulting in an

unbalance and indicated on d_e unbalance display as an INC (clockwise

rotation)o TLM would receive an increase in propellant quantity fro_ the

primary system simultaneously.

Placing the TEST switch in the TEST DOWN positioa, and after a

4.5d:l.0-second delay, will provide test stimuli to the tank servo amplifiers

which will drive the fuel and oxidizer displays to a decrease reading,

returning the crew displays close to the reading displayed prior to

TEST UP_ simultaneously TLM would receive a decrease in propellant

quantity. If the TEST switch was again placed to TEST DOWN, after a

4.5->i. 0-second delay, the fuel and oxidizer crew display readouts wou!.d

drive to a decrease reading at different rates resulting in an unbalance

and indicated on the unbalance display as a DEC (counterclockwise rotation).

TLM would receive a decrease in propellant quantity si_r:.altaneously. To

return to the reading disp!ayed prior to the second TEST EOWN, place the

TEST s\vitck to TEST UP and after a 4o 5±lo0-second delay, the crew dis-

plays would return close to the original displayed readings, simuita>,eously

TLM receives _n increase in propellant quantity,

To test the auxiliary system, place the SENSOR select switch to

AUXILIARY and utilize the TEST switch up and down positions. There is no

time delay involved with the a_xiliary systet_o. '

The _4UTO position removes the electrical test stimuli inputs°

Propellant Utilization Valve°

If an unbalance condition exists, the crew wi]l use the propellant

utilization vaIve to retur_ the propellants to a balanced condition. The

propel!ant utilization valve housing contains two sliding gate valves within

the housing° One of the sliding gate valves is the primary and the remain.-

ing is the secondary (figure Z.4-7).

Stops a.re provided within the valve housing for the full increase or

decrease positions of the primary and secondary sliding gate valves.

The secondary propellant utilization valve has twice the travel of the

primary pro]?ellant utilization valve to compensate for pr-knar F prope]!ant

utilization valve failure in any position,, The secondary valve is selected

by the VALVE switch and is controlled by the OXIDIZER FLOW switch 5n

the same manner as the primary.

The propellant utilization valve controls are on panel Z0. The VALVE

switch selects the primary or secondary propellant utilization valve.

Normal position of the VALV._ switch is PRIMARY. The OXI]9IZE;R ELOW

switch is utilized to position the primary or secondary propella:nt utilization

t
i
|:. >,,:,s_
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sliding gate valve. When the OXIDIZ/E}7< FLOW switch 5s in NORMAL, the

sliding gate vah, eis in the uominal flow position and the upper and lower

OXID Flow position indicator is gray. When the OXI])IZE]_< FLOW switch is

1)].aced to the INCi]DEA.SE position, the sliding gate valve is in the increase

flow position and the upper OXI]D flow position indicator is striped. When

the OXIDiZEP.,FLOW sv,dtch is placed to IT)EC;RI_ASE position, the sliding

gate valve is in the decrease flow position, but does not block the oxidizer

flow completely and the lower OXiD flow indicator is striped,

]Engine THRUST ON-OFF Control.

]Figure Z. 4-I illustrates the THl%UST ON--OFF J.og,..in the guidance

and navigation del_:a V ___.ode, the stabilization control, system delta V n_ode

and the _]aanual direct mode.

The guidance and navigation. J.s the primary delta V rvmde which pro-

\ddes the most accurate trajectory corrections. The G&NAV mode of

operation will require G_eN gate 2 to be completely enabled. Its required

inputs will be an ullage maneuver input which could be supplied by the SPS

abort:logic or the direct ullage pushbutton or b F translation control 1 or 2

placed to the +X_ which would satisfy the O1< gate 3 function and the hold:_ng

input after the G&N AND _'_ 2 is enabled which is processed, through N-_\I'.ID

gates 1 and Z, with the G&,_N AV mode selected from the SCS cont;:o! panel

and the pulse train converter oatput of logic one connrr_an.ded from the C_AN

computer by the crew. These inputs \rill enab._e _'XND gate ?-and provide the

logic one input to inverter 3 which disab].e.s AND ga_;e 6_ Inverter 4 v.'lil

provide a logic one s_gnal to the solenoid drivers that: provide th_ g_,'u,_md

for the two sets of o°PS relays. ']Thetwo sets of SPS relays provide power

to the following:

a. The four solenoid control valves, which allow gaseous nitrogen

pressure to be directed to four aetuato.rs thai• position eight of the ball

vah, es in the injector valve asse_cably of the engine. This is due to INJEC.-

TOR PRE VALVE A and ]-3being enabled.

b. The quantity sensing and indicating system and the propellant

utilization valve.

c. The systerns A and B helium pressurizing valves.

d. When the output of the pulse converter is a logic zero, G&N AND

gate Z is disabled, which terminates a G&.N AV maneuver and removes

ground from the two sets of SPS relays. (Manual backup of the THRUST

CONT!<OL switch to OFF, )

The backup delta V mode, is the stabilization control system delta V

mode which has limitations and restrictions that require individual con-

sideration. The SCS tar mode of operation will require enabling SCS AND

gate 1 to initiate thrusting of the engine. SCS AND gate 1 has three enabling

inputs: the input from <)K gate 1 indicating _ Y.V mode is selected; the

output from the DECA indicating a value greater than ze;'o on the AV

REMAINING d_splay; and the input from th( _- THR.UST ON pushbutton light

v-_ The one logieindicator af'_er it _s processed through NANJJ g_tes 3 and 4.

output from S()S AND gate 1 is in.vetted by INVEI<TE}I Z to a zero logic

which disables A.['_D gate 6 and is inverted by INVEK'I'EK 4 to a logic one,

if,!
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and enables the solenoid drivers that provide ground to the two sets of

SPS relays. The two sets of SPS relays provide power to the same functions'

as in the G&N AV rhode.

a. When the output of the DECA AV REMAINING counter reaches zero

velocity, SCS AND gate 1 is disabled. 7'he logic output from AND g{_.te 1

goes to zero and INVERTER Z goes to a one logic output which enables A.N_

ga._e 6 to a one logic output and the sigl_al is inverted by INVERTER 4 to a

zero logic output, and the solenoid drifters remove ground from the two set[;

of SPS relays te-,'minating thrust. (Man.ual backup of the THR.UST CONTROL.,r ......
, ii:

switch to OFF. ) _ I
[

The DIRECT operating mode bypasses a!! electronics. The DIRECT L-_....

ON position of the THRUST COIqTF<O!, switch provides power to the !-wo

sets of SPS relays, the same as in the G&N /$V re.ode of SCS AV mode.

Thrust would be, terminated by placing the T}-IRUS'r CONT}<OL sv:itch

in the OF_" position.

The SPS thrust control logic provides.illumination of the talk-.back

light in the THRUST ON switch. To il.].ur,ainate the light in a G&N fit r mode,

.AND gate 4 must be enabled. I[ has two inputs which are G&N A\r mode

selected and the presence of a logic one output from the pulse train con-

verter. With A.ND gate 4: enab].ed, OR gate Z wi].l trigger the lamp driver

and illuminate the THRUST ON light. To illuminate the light in the SCS ,2_\_

mode AND _a{-e 3 must be enabled, it will also satisfy OR gate Z .a.:-)d .

trigger the larnp driver. The SPS thrust control logic 5s interlocked so that

AND gates 3 and 4 will never be enabled simultaneously because of the

T}IRUST ON switch ini_ibited to ;he pulbe [:!:aJn c-o:_rel'trt;_. T]-ie:re[o_e, tl_e

THRUST ON light will be il].uminated at all tirnes when the thrust is on for

nornqal operation. If the direct function is used to initiate thrusting, it will

bypass all electronics and not illuminate the TI-t.RUST ON light.

The output from the SPS thrust con.trol logic performs a. function

other than energize the fuel and oxidizer solenoid valves. It provides the

logic switch.es required to reconfigure the SCS relays for proper thrust

vector control. The thrust control switch provides both inputs to OR gate 4

if both de buses are operational. Either dc bus will enable or< gate 5 to

provide the upper input to INHIBIT AND gate i. A.ND gate 5 provides the

controlling input to the llNI-iIBl'rAND gate I. When the solenoid drivers are

not energized and the thrust control switch is in )qO]_.NiAh., both inputs to

AND gate 5 are true. The true input will _naintain a logic false output from

the INHIBIT AND gate 1 because of the inversion on _be input of the gate.

When either SPS relay set is activated by a soleuoid driver or by gi_e ground

contacts of the DII%ECT O]X_ switch, AND gate 5 will be disabled by lhe

ground or false input. The input will be inverted by the INHIBIT AND gate l

input to enable an output to the time delay. The time delay is required to

permit thrust buildup from the SPS engine before the ullage maneuver is

terminated; however, the pitch and ,_aw attitude error inputs are i_nserted

into the TVC electronics immediately. This action assures positive g forces

SisR!_I_iu PROPULSION SYSTEM
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throughout thrust initiation of the SPS engine and gimbaling control of the

SPS engine for the entire thrust buildup, The time delay is also active

after INHi]31T AND gate 1 is disabled by enabling AND gate 5. AND gate 5

is enabled when both sets of SPS relays are de-energized, The time delay

is active for both outputs when the signal is removed to permit continued

SPS engine gimbal control, while the residual thrusC is present and inhibits

RCS operation in pitclz and yaw until residual thrust is reduced. This

reduces the tumbling induced at thrust termination° The time delay is

approximately one second for application and removal of the engine ignition

signal.

pERFOR2vIANC_Z AND DI_SIGN DATA,

Design Da:ca.

The follo,xdng list contains specific data for the components in the

SPS:

HELIUM TANKS (Z) 4000:k50 psia fill pressure, 4400 n_aximum

operating pressure 70°:_:I0°F, capacity

19.4 cubic feet, inside diameter 40 in. and

a wa].l thickness of 0.46 in.

REGULATOR UNITS (Z) Working regulator -.Primary 186m4 psig,

secondary !9].=k4 psig, p_imary ].ockup ZOO

psig, secondary lockvp Z05 psig. Norma].ly

locked by worldng regula.tor; pril-mary

18].J:4:psig, secondary i91:_4 psig, primary

loekup 195 psig, secondary lockup Z05 psig0

PRESSURE T_P_ANS-

DUOERS (Z)
ULLAG]E PRF2 SSU I<_

(REG ULATED HIE I7.UM)

PROPE LLANT U TI LiZATION

Fuel and oxidizer underpressure setting

(SPS PRI!;SS !ight, panel. ].1) 160 psia.

Fuel and oxidizer overpressure setting

" " c_ -(SPS PRESS l_.e, ht, panel 1]) Z00 psia.

Increase position - 46. 65 ibs/second

VALVE CONTROL (Z) Normal position - 45. Z7 ibs/second at

70°F and 168±4 psig

Decrease position - 43, 87 ].bs/second

]Response ti_m.e -- Normal to increase or

vice-versa, or normal to decrease or

vice-versa is 3 to 4 seconds

QUANTITY SENSING

S'_ _,rEM ACCURACY

±0. 35% of full tank plus ±0. 35% of propellant

remaining primary system ±0.35% of full

tank p]us ±0. 35_/,_ of propellant remaining

plus Z. 3% of storage tank quantity remaining,

auxi].i,_ ry system_

SERVICE PROFULSION SYST]E1Vi

?;',i_.'.:-o!_ ................... Basic Date IZ Hov l_!,)2L_ Change ]Date ................... Page
Z.4-30
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HELIUM RELIEF VALVE (2)

OXi]DiZER STORAGE AND

SUMP TANK

FUEL STORAGE AND

SUMP TANK

Diaphragm ruptures at ZZ0m7 psig

Filter - I0 microns norm.a], 25 microns

absolute

Relief valve relieves at Z32m8 psig

liel.ief valve reseats at ZlZ psig minimum

Flow capacity 3 Ibs/second rnininnum at 60 ;F

and 250 psig

Bleed device closes at ambieni: to 100 psi

and is manually reset open

Total tank capacity 30, 600 lbs, usable

ZT, 333 lbs. Each tank has a. volume of 175

cubic ft.

Fi].l pressure ii0 psia. Ullage after filling

Z.4. cubic ft in storage and 8.0 cubic ft in

sump tank. Ullage after pressurized to ]75

psia, 6.8 cubic it in storage and 5.0 cubic

ft in sunup tank. Inside diarneter 5] in.,

length 165.4 in., and will elongate to 0. i25

in. when pressurized to 240 psi and IZ0°]J"

for 336 hours. Wail thickness 0. 060 in. in

continuous areas, 0. 069 in. weld buildup

areas and 0. 031 in. on domes. Fill. tolerance

of i/4 of i% of full tank plus i/4°/0 of pro-

peltant rernaining.

Total tank capacity 15,300 ibs, usable

13, 677 ibs° Each tank has a volume of

139° 7 cubic ft.

Fill pressure 90 psia. Ullage after filling

1.8 cubic ft in storage and 5.8 cubic ft in

sump tank. Ullage after pressurized to

175 psia, 6 cubic ft in storage and 3.0 cubic

ft in sump tank. Inside dianaeter 45 in. ,

length ]66.8 in. , and will elongate to 0. IZ5

in. when pressurized to Z40 psi and IZ0°F

for 336 hours. Wall thickness 0. 053 in. Jn

continuous areas, 0. 061 in. in weld buildup

areas, and 0.03] in. on domes. Fill

tolerance of i/4 of I% full tank plus ]/40/0 .

of propellant remaining.

SERVICE PROPULSION SYSTEM

h4ission Basic Date 12 Nov ]966 Cha_zgo E.at..
• L* _ 1

Pag e _ 2a.:_%:_: -.2°a............
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NOMINAL PROPELLANT

TANK WORIiING PRESSURE

INTERFACE FLANGE

FIL, TEII

GASEOUS bP_"T !tOGE N

pROPELLANT VALVE

CONTROL SYSTEMS (Z)

ENGINE

175-_.4 psia

500 microns _bsoJ.u_e

Storage vessel presst_re 2500_50 psi at 68°F,

Zg00 psi at 130°F. Suppo_lt 36 valve

actuations.

l_egu].ator, single stag_ 130_7 psi at all

flow t;p to 0. 035 !bs/second.

!45 psi maxirntnv_ ]ockup pressure.

Relief valve - relieves at 350_i0 psi,

reseats at not less than

250 psi

P_all valves ]. and 4 dry opening travel tinge

of 0.6 (+0. Z, -. 0.05) second

Bail vaJves Z arid 3 dry opening travel tithe

of 0. 3Z51:0. 1 second,

Ball valves ] and 4 _ry closing travel drne

of 0. 37510.05 second

Bal]. valves Z and 3 dry closing trawzl time

of 0. 575_c0. ] second

500-second service lift on. S/C 014

Capable of 36 restarts

Expansion ratio, 6 to 1 at ablative chamber

exit area, 6Z. 5 to 1 at nozzle extension exit

area.

Cooling charnber_ ablation and filn%

extension, radiation

Injector _ype, baffled regeneratively, cooled_

unlike i_npingen%ent

Oxidizer lead, 8 deg_

Length, 15Z. gZ inches

:,_ • t r: [OV.

SEIIVICE ]:)ROPULSIOI\)SYSTEM

IZ Nov 1966 ,-'_._,_ Date_ ................... Page Z 4_-32
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G!M]3AL LIMITS

GIMI_AL MOTO]K UNDER

AND OVI£RC UP_EENT

R._LAYS

ACTUATOR CLUTCHES

Nozzle extension exit diameter, 94.4 inches

We,_ght, approximately 650 Ibs

Ablative chamber throat temperature sensor_

illuminates SPS WALL T.F__MP HI caution and

warninglight on panel iI at 380°F, one

sensor per harness.

SPS ]Pc transducer, Pc disp!ayed on panel 3

through L/V AOA., SPS Pc switch to L/V

AOA, SPS lot indicator, green range on

indicator is 65 to IZ5%, norreal Pc 85 to

125 psia.

About Z_Z axis ±7 (4-i/2, -0) deg with

additional 1 deg for snubbing yaw

A boul, Y-Y axis -_:6(+1/2, - 0) deg with

additional 1 deg for snubbing pitch

Undercurrent (primary only) below 6 ar_peres

detected for a duration of 250s:50millisec,onds

or more shall interrupt the f].ow to the load

in !ess than 160 milliseconds.

Overcurrent dependent upon ten_peratu_e

during start transient and steady state of

gimbal _notor on primary. Secondary con-.

trolled by 70-an_p circuit breaker.

Quiescent current of 60 (+i0, -5) _nill]an_p_:

(iviotors off, a Z46 ft-lb force required to

move engine equivalent to i. 53 g.)

,<
iiilL

• <

%!

t

2.4.3.2

Z.4.3.3

ACTUATOR PRJESSURIZED

S/C 012 and 014 SERVO

ACTUATOR DEFLECTION

RATE

FLIGHT COMBUSTION

STABILITy MONITOi<

SYSTEM

Performance Data.

3. 5_i. 0 psi dry air at - ]60 °F at vendor

0.23 radians per second (13. 09 ° per second)

180 g:s pea]< to peal< for 70J:20 milliseconds

600 to 5000 cycles per second

Refer to mission modular data boo]<, SID 66-1177.

Power Consumption Data,

:,i

Mi s s lo:_

oYo • _._MSERVICE PR.©]PULSt©N o c,,-_:-

Basic Date 12. l<rov ]966........Change Date Page Z. 4.*33
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Watts

DC
Subsystem and

Component

Service propulsion

Propellant utilizadon

valve

VropeJlant utilization I

gauging system

Injector prevalvcs

lie solenoid valves

Feedline heaters

Pilot valves (SCS)

Gimba! actua%or

n]olors

Control

VALVE sw and OXIDIZER

FLOW sw (Ref. gauging

sys)

Gauging C13(41 SPS

GAUGING AC _;w SEI,_SO.R

s w

1-!e valve GI3(Z) INJECTOR

PREVALVE sw (2)

He PRESSUF/Z!NG sw (2)

SPS relay

SPS H}2ATER sw

ECA dzivers {2)

Gimbal CB (6)

GIMBAL MOTOR

sw (4)

No. of

Units

26

4

Channel I

Id].e

pitch

yaw

Boost

pitcL

yaw

Thz _st OI",'

pitch

yaw

lvla ximum

pitch

_aw

C}_arma] if

Idl e

pitch

y_W

13oost

pitch

y a w

Thrust ON 1

pitch

yaw

h4axim urn

pitch

ya\v

_:_With quiescent current

::_::_Without quiescent current

.... AC! 1 --_

21.0

28.0

(See f:g-

ure 2.4-2

10.5

450<:

450*

51i*

511 ':_

775*

775*

1800,._

igo0* I

;35** ]

;35_::# i

;3 5 ;:_ '::

13 5:1_':'

_ 35'::;::

_35"* ]

Above statemeats assume charmel I is the operating channe] and channel II is standby.

operating wdues applicable to channel II when channel iI is commanded.

current draw values not a d_ rect function of an applied voltage.

£ o-- _2
AC

I62.6

J
16.8

42.0

56.0

33,0

4Z. 0

900

i022

1550

3600

670

67O

67O

670

Ghanlml I

28-vde supply values,

SERVICi.2 r)ROPUI,SION SYSTEM

".',. i:: :: ion ................... Ba sic Date .,2._. r-/£'."v.-_2..62 ...... Change Date ............................. Page ._Z, 4.._2A..............
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2. 4. 3.4 SPS Electrical Power Distribution.

See figure Z. 4-11 for electrical power distribution.

2.4.4

Z.4.5

OPERATION LIMITATIONS AND RESTRICTIONS.

The operational limitations and restr/ictions of the SPS are as

follows:

a. Propellant quantity gauging subsystem is operational only during _,_,_

engine firing. A 4. 5-second firing period is required before propellant '-i.
}:

quantity information i_, Updated, when SENSOR switch is in the NORhd or _.
PI<I position. Delay is buil.t--_n to allow propellants to settle and stabilize _.

before updating the displays.
b. A one-second time delay between actuation of GIMBAL MOTOR

switches (MDC...3) is requir.ed, as simultaneous actuation may result in an

excessive power drain°
c. Engine design minimum impu].se control limit is 0. 4 second;

however, mission minimum impulse may be longer.
d. Due to adversive temperature effects, engine gimbal drive motors

should not be continuously energized for periods in excess of 12 minutes.

e. Single bank mode of operatio_ by the bSpropellant valve assembly
will result in a 3 percent reduction in thrust.

TELEMETRY MEASU/<i£ME NTS.

The following subsequent ]_st is of all.SPS telemetry da.tamc,nitored

by _.light controllers and grom%d support persor, nei.

i

{ i'!<I M i s si o_
7i ! ¢:4

{
{

SEP_VIGE PROPULSION SYSTEM

•w -_ e]Basic Date 12 Nov 19_,6 Change L,at, .....
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Figure Z.4-11. SPS Eiectrical Power Distribution Diagram_
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Crew I)isplay

Panel 2o

Panels 20 & il

Panels 20 & ii

i Panels 20 & !i

i

i

!

1
I

i Panel Z0
Pane[ 20

Panel 3

I Panel Z0

Panel 20

l
I Panel 20

Panel 20

{ Panel 20

!

! Figure I

2.4-i

2.4-I

2.4-i

2.4-1

and

2.4-6

i 2.4_!

Z. 4-!

2.4-1

Z.4-I

2.4-1

2. 4- 1

2.4-i

2.4-i

2.4-i

2.4-I
t

1
I 2.4-i
2.4-].

1
I

NJ c_s ttr el_._ent

t{eiium 'fauk Supply Pressure

l_egulated Helium Pressure to

Fuel Tank

Regulated Helium Pressure to

_,[e&surc- I
_]cnt

Number I !mange

SP000]P I+9 +5K psia

SP0006P [ +0 +300 psia

SP0003P +0 +300 psia

Oxidizer Tank

Quantity Sensing System

Sensor Select Switch in Normal

Primary Fuel Sump 2

Primary Fuel Storage 1

Primary Oxidizer Sump 2

Primary Oxidizer Storage !

Sensor Select S_<itch in Primary

Primary Fuel Sump Z

Primary Fuel Storage !

Primary Oxidizer Sump

Primary Oxidizer Storage 1

Sensor Select Switch in Auxiliary

Primary Fuel Sunlp Z

Primary Oxidizer Surer 2

Auxiliary Fuel

Auxiliary Oxidizer

"Fernperature ! Oxidizer Distri-

bution Line

Temperature 2 Oxidizer Distri-

bution Line

Temperature i Fuel Distribution

Li n e

Ternper__ture Z Fuel Distribution

Line

Fuel Inlet Pressure to Fuel Valve

Oxidizer Inlet Pressure to Oxidizer

Valve

Chamber Pressure

injector Temperature

Primary (:aseous Nitrogen Tank

Supply Pressure

Secondary Gaseous Nitrogen Tank

Suppiy Pressure

r_ail Valve Position !

!;all Valve Position 2

Bali Va]ve Position 3

i

SP0658Q ::+0

SP0657Q i +0

SP0656Q i +0

sP0655Q i+0

sP0_5_ I+o
SP0657Q }+0

SP0656Q i +0

SP0655Q i+0

SI-'06580 I +0

SP0656Q I +0

SP0657Q I+_

SP0855Q !+;

SPu054T +0

SP0055T +0

SP00577 +0

SP0058T

SP0010P

SP0009P

SP0061P

SP0060T

SP0600P

SP060] P

SPOOZZI-[

SP0023H

SP0024_{

+8K !bs

+8K ibs

+I6K ibs

+I6K ibs

+8K ibs

+SK lbs

+I6K lbs •

+I6K Ibs

+SK lbs

+I6K ibs

+8i< Ibs

+I6K ibs

_Z00°F

+200°F

+200 °F

-'-0 +200 °F

+0 +300 psia

+0 +300 psia

+0 +150 psia

-'0 +200°F

+0 +5000 psia

+0 +5000 psia

1+0 +90 deg

-k0 +90 deg
i:O +90 ,_leg

t

Sign}:[

Co nditionc r

SZSAR3

$28AR6

S28AR5

$28AR8

$2 S :\R7

$28AR9

$28AR41

SZSAR42

v_bn nne /

Code <:

!1A66

11 :\70

11 A68"

I IOA94

I 10A92

i 10AD0

IOA88

]0A94

I 10ADZ

i0AD0

IOA88

10A94

10AD0

! 0A'_2

10A88

IIA77

!IA76

!ZAI !

IIAI09

IOA78

ilAIZ5

IIAi03

i I.'%105

IIAI]0

l{it

!_ a t c :',: ":

I{2 PCM

HZ PCM

I-IZ PCM

H1 PCM

H1 PCNi

l-f1 PCM

H! PCM

HI PCM

HI PCM

H1 PCb4

PIi PCM

Hi PCM

H! PCM

I{1 PCM

}-{i PCM

I

}{2

I

H 1

H1

H1

HI

H1

HI

}i 1 I

PCM

PCM

PCM

FQ

PCM

PCM

PCNI

PCM

PCM

Operating R.anzc

-I000±50 1)si4 and

([ec rCiLS(t \v]th

firings

170 to 195 psia

170 to 195 psia

Variable

variable

135 to 195 psia

135 to 195 psia

65 to 125 psia

Variable

2500±50 psia and

decrease with

firings

2500=50 psia and

decrease with

fi ri ng s

Open or cbsed

Open or_ closed

Ope:; o.r cbsed

';f.L3 uss:_
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O 0_

o

>
z E
>

m
m
o
o



K
5_

15

i

%9

C_

c- ©

o

7

U

t
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°'H_cl _(] I 7 4- I

2.4-1

_ ','.:,c l l 2.4-1

2. -_-1

[',_., V;t!ve _>oslt1'.)n

[',.:_!_>cr _turc C\i<h/,,'" ['_n_tI:c Foed

_A:_v

l'_,!_crat_Ire Fuel Engine Feed Line

FemFeratur e l,h-gine Valve [%OdV

FcP.uper_ture Con_oustion _]han_ber

Outer Skin i

Tempere._ure Noznle Oiler Sl-in 1

im_tch ActuaZor Case Tenqpera_ure

Yaw Actuator Case TemFerature

SPS So[ _nOid Drlver Out ]

SPS Solenoid Driver Out Z

Yaw Pc sition Feedback

[_itc] Position Feedback

:::AnaloL measurement,_ d[gitall.y coded into 8 bit words

.,knalog measurc;ncnts - 0 tC _ vdc

FQ - Flight _uaiif!cation ;ncasurernents

}{] - High o_t rate

[-;Z . I[iKh and low bit race

El . Hizh bit ra.'.e

Channel code example: iOA68

Significant number - ]

l

}lOW :nan}' zeros "_ i sample

alter nuost :;iKni/icant i i
luulnber is amount of 0 per

[ sa:np[es per second. _ second

i
I Analog - AEven_ - E

Channel Code - [_S

_[p;tsurc'-

nlci,t

Hb_0(,_25i! -0 '90 dog

Si:G04gT :<) t2(;,')" F

51>0048T _0 +2O0°F

SP004%T _0 +200 °F

SP00Z{)T +0 +500_F

SP00BOT 1-260 "Z500_F

t
:5ipna!

(Londi: h)ne r

i
1Ch;t m_e] 1

Cod c;:: I

i!,\ii]

SPZ055T I_0 +Z00°F

SPZ054T I-0 +Z00°F

CH43ZOX

CI{43Z]X _-8. 5 +8.5 vdcC}II03 z I{

CH0034 H Ii.6 +6 vdc

Collins

,'L28 - ! A5

SZ8AR60

iOA68

flail9

5iE-09

5 IE- i'3

5!A? •

511<3

];it

[{atc¢

HI

Nl

HI

N 1

HI

El

E!

N 1

Hi

: i

9_

{D

1

t

PCM

PCM

FO

FQ

PCME

I PCM

PGM
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Of>on ,_r c]¢_.,-;c({
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Variable
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2,5. Z

SECTION Z

SUBSECTION Z. 5

REACTION CONTROL SYSTEM (RCS)

INTRODUCTION.

The Rpollo command service module consists of two separate

reaction control, systems, completely independent, designated S/M RCS

and C/I\_ _CS. The S/M RCS is utilized to control S/C rotation in all

three a>:cs, in addition to any n_inor _ranslaiion requirements including

S-IVB separation, S._PS ullage, and C/_v_-S/}_i separation maneuvers. The

C/}_4 RCS is utilized to control C/5_ rotation in all three axes after

C/M-S/Ivl separation and during entry maneuvers. The C/NI RCS does mo_

have translation capabilities.

Both the S/M and C/M RCS are contro]ied either automatically or

manually from the command module. Physical location of the IICS engines

is shown in figure 2. 5-i, Engine firing sequence fer specific rr:aneuvers

and individual engine circuit breal<cr power control are shown in figure

2.5-2.

S/M ]3.CS FUNCTiCbNA], D]ESCRTPT](7)N,

The S/M RCS consists of four individual, functionally identical

packages, located 90 degrees apart &round the forward portion (+X-axis)

of the S/IvI periphery and offse_ froi-n the S/C Y- and Z-axes by 7 degrees

15 minutes, Each package co_)f_g_ration, called a quad, is such that the

reaction engines are mounted on the outer surface of the pane] and the

remaining components are inside. Propellant distribution lines are routed

through the panel skin to facilitate propellant transfer to the reacti.on engine

combustion chambers. The engine combustion chambers are canted

approximately I0 degrees away from the panel structure to reduce the

effects of exhaust gas on the service module skin. The two roll engines on

each quad are offse_:-mounted to accommodate plumbing in the engine

mounting structure.

Each RCS package incorporates a pressure-fed, positive-expulsion,

pulse-modulated, bipropellant system i:o produce the reaction thrust

required to perform the various S/M RCS control functions. Acceptable

package operating temperature is maintained by internally rneunted,

thermostatically controlled electric heaters. The S/M RCS propeilants

consist of nitrogen tetroxide (NzO4), used as the oxidizer; mono.-

_nethylhydrazi.ne (MMI!) used as the fuel. .Pressurized he!_urn gas is the

propellant transferring agent.

q
:! I:_EACTION CONTROl_, SYSTEM

2. 5-.!
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2.5.3

The reaction engines may be pulse-fired, producing short-thrust

impulses or continuously fired, producing a. steady-state thrust level. The

short-pulse firing permits attitude-hold modes of operation and extremely

accurate attitude alignment maneuvers during navigational sightings.

GSM attitude control is norrnally maintained by utilizing the applicable

pi.tch, yaw, and roll engines on all four quads. However, in the event of a

malfunction, complete attitude control can be maintained with only two

adjacent quads operating. This two-quad capability does not include the

execution of translation and ullage ma.neuvers.

A functional f!ow diagram of one S/M RGS quad is shov, n in

figure2.5-3. The h.elimr_s£oragevesselsuppliespressure to two solenoid-

operated helium, isolation valves that a_.e normally open throughout the

mission. This allows heliun'J, pres,._:v._"e to the pressure regulators down-

stream of each helium iso]atiov va.].vc re_au('ul , the hieh--pressure helium

to a desired working pressure.

Regulated helium pressure is directed through a series parallel

combination of four independent check valves, The check valves permit

helium pressure to the fuel and oxidizer tarJ_:s and prevent reverse flov, of

propellant vapors or liquid. A pressure-relief valve is _nsta!Ied in the

pressure lines between the check valves and p.vopellani; tanks to protect the

prol;ellant tanks from any excessive pressure _ncrease.

t_Ieli-am entering the propeila_?2 tanks creates a i:ressure buildup

a.ro,a._nd the p._-ope!!ar,t po_.it,ve _._im_lsic_n biadderg forc:i_g the prc, peilants to

be expelled into the propellant distribution lines. V'ropellants then flow

through the normally open propellant isolation valves.

Oxidizer and fuel is distributed to the eight fuel and oxidizer injector

valves by a paraliel feed system. The fuel valve on each engine opens

Z _rq.lliseconds prior to the oxidizer valve to obtainproper engine operation.

Each valve asserr:bly contains orifices which meter the propellant flow to

obtain a nominal Z:l oxidizer/fuel ratio by weight, The oxidizer and fuel

impinge, atomize, and ignition due to the hypergolic propellants, The

injector valves are controlled automatically by the G&N system or the SCS,

Manual override direct control is provided for rotational maneuvers and

direct ullage only, The injector valves are sp_ing-loaded closed. This

• system configuration maintains propellants under constant pressure ag !:he

engine injector valves providing rapid consistent response rates to thrust

on-off commands.

S/M RGS MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

The S/M RGS i.s composed of four separate, individual packages;

each package contMning the foliowing five _a.jor s,_bsystems:

e, Pressurization

"Prop el]ant

o Rocket engine

]RG A C T ?(0 N G 0 N'2I<0 L S'gST ]'<M
i
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2.5.3. 1

2.5.3,1.1

Propellant quantity gauging

e Temperature control system

Pressurization Subsystem.

The pressurization and propellant feed stores, regulates, and

distributes helium to the propellant £anl.s, and stores arid distributes

propellant to the engine assemblies (figure Z. 5-3). It consists of storage

tanks, isolation valves, pressure regulators, and the lines and valves

necessary for filling, draining and distributing the fluids.

IIetium Supply Tank.

The total h,.gh-pressure helium supply is contained within a single _f!....

spherical storage tank, Initial_ fill pressure is 4150-2.50 psig at 70°F. The i::}:::

limit working pressure is 5000 psig to accommodate pre, ssure transients _:::

during filling. Proof pressure is 6667 psig and the burs_ pressure is [_""

7500 psig.

Helium Isolation Valve.

_:!ii

•jlI

1

2.5.3.1.3

2.5.3.1.4

The helium isolation valves are a two-solenoid valves and are

mechanical]y latched open and spring-]oaded closed The helium isolation

valves are _ndividually controlled bytheir own he'lium switch on panel ]5.

The valves are normally open in respect to system pressure substantiating

the mechanical latching feature for power conservation purposes during the

mission- , in addit_o> to p_ ew_:_ing o-,,erh<-taling of the valve coils.

A position switch contained within each valve controls a position

indicator below each switch on panel 15. When the valve is open, the

position switch is open; and the indicator on panel 15 is grey (same color

as the panel) indicating the valve is in its normal posit:ion. Wh.en the valve

is closed, the position switch is closed; and the indicator on panel 15 is

diagonal lines indicating the valve is in its abnormal position. The valve

is closed in the event of a pressure regulator unit problem and during

ground servicing.

Pressure Regulator Assemblies.

I-Ielium pressure regulation is accomplished by _.:wo regulator

assemblies connected in parallel, with one assembly located downstream

of each heliurn isolation valve, leach assembly incorporates two (primar?

and secondary) separate regulators connected in series. The secondary

regulator 1-emains open as long as the primary regulator functions

properly. In the event of the primary regulator failing open, the secondary

regulator will maintain s]ight!y higher, but acceptable pressures,

Check Valve Assemblies.

1,,!i s s ion

Two check valve assemblies, one assembly located downstream of

each regula.to, _' assembl-Ez,,_errnlt helium flow in the downstrean_ direction

REACm!ON C()NTROE SYSTEM

Basic Date- 12 Nov 1966.CV.an_e Date .......... Page 2.6-7
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only. This prevents propellant and/or propellant vapor backfiow into the

pressurization system if seepage or failure occurs in the propellant tank

bladders.

Pressure Relies Valves.

The helium relief valve contains a burst diaphragm, filter, a bleed

device, and the relief valve. The burst diaphragm is instal!ed to provide

a more positive seal against helium tha_<_ that of the actual relief valve.

The burst diaphragm ruptures at a predetermined Jressure. The burst

diaphram is of the nonfragmentationtype, but i_ tbe event of any fragmen-

tation, the filter filters out any fragmentation and prevents any particles

from flowing onto the relief valve, seat. The relief valve will relieve at: a

pressure slightly higher than that of the burs': d[aphragm rupture pressure

and relieve the excessive pressure overboard, p_:otecting i-he. fuel and

oxidizer tank. The relief valve will reseat at a predetermined p._'essure.

A pressure bleed device is incorporated between the burst diaphragm

and relief valve. The bleed valve vents the cavity] between the burst dia-

phragm and relief valve in the event of a_y leakage from the diaphragm,

or vents the cavity upon completion of performing a checkout of the relief

valve from the test port on the relief valve. The bleed device _s normally

open and will close when the pressure increases up to a p:cedete_m, ned

pressure. The bleed device automatically opens when the pressure

decreases to the bleed valve opening pressffre.

Distribution Plumbing.

Brazed joint tubi_g is used to distribute regulated helium in each

RCS quad from the helium storage vessels to the propellant t_nks.

Pr opel !ant Subsystem.

This subsystem consists of one oxidizer ta._:ik, one fuel tank, one

oxidizer and fuel isolation, valve, and associated distribution plmnbing.

Oxidizer Tank.

The oxidizer supply is contained in a single titanium alloy hemi-

spherically domed cyclindrica! tank. The tank is cradle-mountedto the

RCS panel. The tank contains a diffuser tube assembly and a teflon blad-

der for positive expulsion of the oxidizer. The bladder is attached to the

diffuser tube at each end of the tank. The diffuser tube acts as the pro-

pellant outlet.

When the tank is pressurized, the heliu_n gas surrounds the entire

bladder, exerting a force which causes the bladder to collapse about the

propellant forcing the oxidizer into the diffuser tube assenqbly and out of

the tank outlet into the manifold, providing e)-.pulsion during zero g*s.

Tank has a working pressure of Z48 psig; proof pressure of 331 psig.
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2.5.3. Z.3

2,5.3,2.4

Z. 5.3, Z. 5

2.5.3.3

Fuel Tank.

The fuel supply is contalned in a slngle tank that is similar in

material, construction, and operation to d_at of the oxidizer tank,

Propellant Isolation Shutoff Valve.

The isolation valves in the fuel and oxidizer lines are both controlled

by a single switch on panel 15. The valves are two--solenoid valves and ar'e

magnetically latch Opened and spring-loaded closed. The valves are

normally open _n respec_ _.o fluid flow. This, again, es'_ab]ishes a power

e ons e rration.

Each valve contains ,_position swiich which is in parallel to one

position indicator below l-he switch on panel 15 that controls both valves.

When the position switch in each valve is open, tl_e indicator on panel 15

is grey (same color as the panel) indicating I,o.the crew that the valves are

in the norma, l position. When the position switch in each valve or one valve

is closed, the. indicator on pa_ei ]5 is diagonal lines indicating to the crew

that tl_e valve or valves are closed. The valves are Closed in the event of

a failure downstream of the valves, line rupture, runaway thruster, etc.

Distribution Plumbing.

Propellant distribution plu_nbing within each quad is functionally

identical. Each quad contains separa!:e similar oxidizer and f_._e!plumbing

networks. Fropel]._'.,n_swithin their zespective networ_s are directed from

the supply tanks, through manifolds for distribuJ_ion to the four engines in

the cluster.

Propellant, In-Line F_iters.

In-line filters are installed in the fuel and oxidizer rnanlfolds down-

stream of the propellant shutoff va!ves and prior to the engine man_fold

contained within the engine housing. The in-line filters are _nstalled to

prevent any particles from flowing into the engine injector valves and

engine injector.

Engine Assemblies.

T.he service module reaction control system engines are radiation-

cooled, pressure ..fed, bipropel]ant thrust generators which can be

operated in either the pulse modulated or the steady state mode. (These

modes are defined as a firing of less than one-second duration and one-

second duration or n_ore, respectively. )

Each engine consists of a fuel and oxidizer control valve which

controls the flow of propellants by responding to electrical commands

(automatic or manual) generate£ by the guidance and navigation subsystem

and/or stabl!lzation and control subsystem or by the crew; and an injector

{
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ḑ ,._

;!I

(_i:l

3

F|

i:i:i_

J
:4

2.5.3.3.1

1O0-

SMZA-.03-SC0 IZ

APOLLO OPERATIONS HANDI5OOI<

SYSTEMS DATA

head assembly, which dh'ects the flow of each propellant from the propel-

lant control valves to the combustion chamber \vl)erethe propellants

atonnize and ignite (hypergolic) to produce thrust.

Propellant Solenoid Injector Control Valves (Fuel and Oxidizer),

The propellant solenoid injector valves utilize two coaxially wound

coils: one for automatic and one for direct n_anua! operation. The auto-

matic coil is used when the thrust command originates from the jet

selection logic, which is the electronic circuitry that selects the required

automatic coils to be energized for a given "_aaneuver. The manual coils

are used when the thrusf command originates at the rotatio'acontrol

(direct mode), direct ullage pushbutton, SPS abort, or the C/M S/M SEP

switch (figure Z.5-3).

Tb.e solenoi.d valves are spring-loaded closed and energized open,

The reaction d.me of the valves are illustrated in figures Z, 5-4 and Z, 5-5,

Figure Z,5-4 illustrates a thrusting duration of !5 seconds (steady

state), The electrical on signal is received within either the automatic
(normal) or manual (backup) coils of the engine injector valves, The

solenoid injector valves are energized open ai].owhlg fuel and oxidizer to

<" S]'EADY STATE _._

',: -T-r-F- 3T1 .... ,......Fi -F-7 H l.......q--r'T-'rq "7
! 1 2 3 4 5 6 7 8 9 10 tl 1.2 13 14.

O.k,.
.,. srAm
' """ ELECTRICALON

Figure 2., 5-4,

_._ "" TA_L OFF
ELECTRiCAl_
OFF

S/M RCS Steady-State Operation (Typical 15 Seconds)

REACTION CONTROL SYSTEM
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Figure 2. 5-5. S/M RCS Engine MinhT_Urn Total ]Tnpulse (Typical)

flow through the injector into the con_bustion chamber. The propellants,

being hypergo]ic, ignite, providing the start transient. The engine, as a

result of propellant ignition, produces chan_])er pressure, gas velocity,

and thrust. At i5 seconds after t]_e receipt of the thrust-on signal, the

automatic or manual coils are de-energized and the injector valves

spring-load closed, floweret, due to the closing time and residual

propellant flow downstream of the injector valves into the combustion

chamber, thrust output continues until the propellants have burned com-

pletely a].lowing the chan_ber pressure, gas velocity, and thrust to decay

to 0 pounds, establishing die cutoff transient.

Figure g. 5-5 illustrates the minL_un_ electrical signal that can be

provided to the automatic coils of the injector valves from the stabilization

control subsystem jet selection logic. The following describes the

sequence of operation and reasons why.

t
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a. A time of 18zk4 milliseconds (14 mH.1iseconds rninin_un_) will

elapse before the stabilization control subsystem (SCS) can electrically

provide a con_rnand-off signal to the automatic coils of the injector valves

on the engine.

b. When the automatic coils of the injector valves receive the electrical

on signal from the SCS, the injector valves are energized to the open

position.

c. The fuel injector automatic coil energizes to the fully open position

in 4. 5_1.5 milliseconds, and the oxidizer injector automatic coil energizes

to the fully open position in 6.0_1.5 milliseconds establishing an approxi-

n_ate Z millisecond fuel lead. This is accomplished by va='ying the resist-

ance of the automatic coils in the fuel and oxidizer injector valve.

d. The propellar_ts flow from the injector v_]ves as soon as they .both

start to ope!_ to the premix igniter. However, the fuel will lead the

oxidizer by two milliseconds.

e. The propellants start to flow, as soon as the injector valves start

to open, into the premix igniter and into the co_bustion cha.,:_ber which

creates sonde pressure, gas velocity aud thrust, and even though it is

very sn_all, the engine is operating in aspace environment.

f. The pressure, ga._ velocity, and thrust continues to increase

slightly until the valves reach the fully open position.

g. At approxima'_eiy IZ-i/Z milliseconds, the propellants ignite

(hypergolic), produci.ng a spike of thrust upwards into the area of 70 to

80 pounds. At 14 milliseconds minimum, the SCS rernoves the electrical

signal from the automatic coils of the injector valves.

h. The thrust of _he engine continues very erratically, While the

valves beco.m_.e _e-er;.erg_.zed an@ _pring-]_d c]_se_

i. A_ approximately 21 milliseconds (closing time of 7.5 milliseconds)

on the fuel valve and Z3 milliseconds (closing time of 8.0 ._.nilliseconds) on

the oxidizer valve, the injector valves are fully closed.

j. The residual propellants downstream of the injector valves continue

to flow into the combustion chamber, decreasing until complete thrust

decay of 0 pounds occurs at approximately 65 milliseconds.

k. In order to determine the total impulse for this tinge span of

operation (figure Z.5-5), everything under the entire thrust curve must

be integrated.

The automatic coils are electrically connected in parallel from _he

SCS. The manual coils in the fuel and oxidizer injector valves provide a

manual direct backup to the SCS mode of operation. The manual coils of

the injector valves are electrically connected in series. The reasons for

the series connection of the nnanua], coils are as fo].lows:

s. Prevent a pnisnnateh between the opening and closing of the valves

due to any heat soak-back, into the manual-coils, which would change the

resistance of the n]anual coils and result in a _nisn_atch if the co[is were

connected in parallel. The direct nnanual opening time for fuel is

13 milliseconds and-oxid_.zer-is Z3 _nil_iseconds. The closing time for

fuel a_d oxidizer is 55±Z5 l%illiseconds.
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b: The series connection from th.e fuel manual coil (positive to

negative) to the oxidizer manual coil (negative to positive), then to

ground, is to increase ttne arc s0ppression, reducing the arc at rotation

control in the direct RCS mode of operation. .,

Injector.

The injector contains a prernix igniter. The premix igniter chamber"

contains a fuel and an oxidizer passage that impinge upon each other (unlike

impingement) withh_ the premix ign_-ter chamber. The premix igniter

chamber, along with the Z-millisecond fuel lead, provides a smoother

start tra,_sienl primarily in the pulse mode of operation and especial.ly

in the area of minimum irnpul.se.

The main chazw.ber portion of the injector will allow eight fuel

streams to impinge upon eight oxidizer stremns (unl.Jke impingement) _or
_e

main chamber ignition. There are a, so eight rue! holes around the outer

periphery of the injector, which provides film cooling to the combustion

ch am be r.

Combustion Chamber°

The combustion chamber is constructed of unalloyed rnolybdermrn,

which is coated with a thin layer of molybdenum disJlic de to prevent

oxidation of lJ_e base metal. Coolin.g of the eharnoe" is by radiation and

filn; cooling,

Nozzle Extension, The nozzle extension is attached to the engine by

a Waspolloy nut. The n.ozz]e extension is machined from a cobalt base

alloy, The stiffener rings art machined.

IICS JElectrical Heaters.

Each of the RCS engine housings contain an electrical strip beater

(figure Z. 5-3). The electrical strip heaters provide prope!iant tempera-

ture control by conductance to the engine housing and engine injector

vah:es; thus the propellants. Each heater has two thermo switcbes that

maintain the temperature at a given range.

Pressure Versus Ten_perature hdeasuring Syste_a.

The he!iron tank supply temperature measurennent and heliu_'n tank

supply pressure measurement (figure Z. 5-3) for eech quad are utilized

by the crew and TLM to determine the quantity of propellants ren:aining

h_ the respective qusd.

The non_ogram (figure Z. 5-6) depicts hew to determine the propellant

quantity remaining in percentage. The helium supply pressure is deter--

mined in psia on panel 1Z by the crew, also the helh_m supply ten:perature

!77
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reads in psia. '].'hehelium supply tem_)erature readout of 0 psia is

equivalent to 0°F and 400 psia is equ_ivalent to 150°F.

As an example, if the crew readout on pane ! IZ for a given quad

reads 3400 psia i_elium supply pressure and Z65 psia heliuRa supply

temperature (-which is equivalent to 100°iF'), the quantity of propellants

remaining is approximately 60 percent or 120 pounds. The crew would

utilize the RCS indicator select switch on nanel IZ to select the quad

desired in order [o obtain the helium tank supply pressure and tempera-

ture, and determine the propellant quantity remaining in percent.

]Engine Thrusting Logic.

In the S/]\i RCS, t:]_ecommands, from the stabilization and control

system cannot be supplied to the SCS channel switches until the contacts

of tl_e RCS latching relay are closed. Closing of i:hese contacts for S/M

RCS control may be initiated by the following signals (fiFure Z. 5--3):

a. With the launch escape tower jettisoned and the translation control

rotated counterclockwise, an S/M abort or a normal S-IVB separatior-

is initiated an.c]the following ,sequence of events occurs.

i. Inform the G&N system of an abort initiation.

Z. Initiate applicable booster shutdown.

3. Inhibit the pitch and yaw auton_atic jets of the SCS.

4. Initiates an ullage maneuver signal to the required manual

coils of the S/M P,CS engines (as long as the t_anslation control is _n

counterclo'ckwise, ullage is terminated when the translation contro'l

is returned to the neu2ral detent).

5. Adapter separatior_ occurs at !.7 seconds after the abort was

ini;tiated.

6. F2nergizes the RCS latching relay Z-1/Z seconds af&:r the

abort was initiated a.Howing the SCS to provide electrical commands

to the automatic coils of the S/M RCS engines. J.n the event the logic

fails to energize the RCS latching relay, the RCS CMD switch on

panel 16 is placed to the ON position,, providing a manual backup to

the automatic function. In addition, if the ADAPTER SiEPARATION

pushbutton on panel 5 is pressed and held for approximately 1 to

Z seconds, the RCS latching relay is energized.

b. In a backup to the normal s-rvB separation sequence, the RCS CMD

switch is momentarily placed to the ON position, energizing the RCS

latching relay; the tran. slation control is positioned forward, providing a

translation through the SCS to the required automatic coils of the S/M RCS

engine for a +X translation; and the ADAPTJ£R SEPARATION pushbutton

on pane] 5 is held for Z seconds to initlat:e adapter separation. (ADARTFR

SEPARATION pushbutton pressed and held for approximately t to Z seconds

win also energize the RCS latching relay. )

In the event the translation controls are unable [o provide an ullage

n_aneuver, the DIRECT ULLAGE pushbutton on pane?, 7, when depressed
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and held, provides th.e direct ullage signal to the manual coils of the RCS

engines, to be energized to provide a +X translation. This provides a

manual direct backup to the two translation controls for the ullage

_-naneuver to be performed by the S/M RCS. The ullage maneuver is

terminated upon rele_.se of the DIRECT ULLAGE pushbutton.

In the event the SCS and/or jet selection logic is unable to provide

commands to the automatic coils of the S/Jvi RCS engines, placing the

DIRECT RGS switch on panel 8 to the ON position provides power to the

rotation controls onlyo When the rotation control is positioned fully to its

stops in any direction, the rotation control will energize the required

manual coils for the desired maneuver,

If the SCS and/or the jet seJect[on ]ogle is unable to provkie

comn_ands to the auten'_atic coils of tlle S/Ni Rbo_"_" engin:es, i_ is no_ed that

translation control of the spacecraft is disabled,

Z. 5.4 S/kd RGS PN.RFORMAN(]t!] AND ]DESIGN DA.T.A_

2,5.4.] Design ]Data°

c_,_t_ the S/A4 RCS components,The following list is the design ......of

HELIUM TANKS (4)

REGULATOR UNITS (8)

4150d:50 psJg at 70J:5°F ' during servicing;

after servicing sitting on launch pad

70d_]0°]7 ". Capacity 0.57 lb, b_-side

dia_neter 8.84 in,, wall thickness

0. 105 in., and intern.al volume 0. Z05 cu fro

Pri_ary - 181:k4 psig with a normal

].ockup of 183±5 psigo Fron_ lockup

pressure, not drop below 177 psig or

rise a.bove ]85 psig and stabilize to

181_2 psig within Z sec,

Secondary -Lockup of 187d_5 psig. From

10ckup pressure, not drop below 177 psi.g

or rise above 19'i psig and stabilize a_

185_:3 psig within Z sec.

PRESSURE TRANSDUCERS

(4) COk&MON M.ANIEOi_D

I]iumi_nate CAUTION and WARNIMG light

on panel 10 (S/M RCS A, B, G, or D),

Underpressurc 155 psla.

Overpressure Z15 psfa,

HELIUM RELIEF

A <'V I.,VEo (8)

Diaphragm ._'uptu_e at ZZ8_-8 psig.

}_iiter - I0 nMcron nominal, Z5 rnicron

ab so hlte.

REAC]']?ION CONTROL SYSTEM
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FUEL TANK (4)

OXIDIZER TANK (4)

INLINE FILTERS

ENGINES (16)

Relief valve relieves at Z36. 5±11.5 psig.

Relief valve reseats at not less than

2Z0 psig in the cavity and a helium% flow

of less than Z0 standard cublc centimeters

per hour across the bleed device arid rell_f

valve assembly combined, The bleed

devhze shall reopen when decreasing pres-

- ' s than Z0 sig.sure has reac,_ed no los p ,

Connbined prope!lant and u]lage volume of

69.0 lbs, initially at 60°F at 30m2 psig,

resulting in a tank pressure of no more

than ZI5 ,)sia when heated to 85°F. Out-

side dJ.ameter _axb'num 1Z.6Z in.,

]engd_ Z3.717 (+0.(_)60, -0.000} in. Wail

thickness 0.0.17 in. to 0.0ZZ i.n.

[[7:

i :

.l-Ielh_n-_ in!el: port i/4 in., fi]l and drain

port I/Z in.

Cmmbined propellant and ullage vo]urne of

137.0 lbs, initially at 65°]F at 30:kZ psig,

resulting in a tank pressure of no more

than ZI5 psia when heated to 85°F. Out-

side d[an**etor n-_a:._-hr_u_nIZ. 6Z i:_.,

. 0o0 0f)0'_in.length Z9 55 ('{0. " . -0.. .

WMi thickness 0.017 i'._.,to 0.0ZZ in.

5-micron norf_inal; 15-n,_!_cron abso]ute -

1000--sec service life, capable of

10,000 operational cycles.

Thrust i00 Ibs _:5 percent.

Expansion ratio 40:] at Rozzle exit.

Cooling Film and radiatior,

Injector type,

Premix igniter one on one unlike Lrn.pinge-

merit. _igl:t fuel annulus for fil:_ cooling

of premix igni.tcr, main chamber eight

on eight unlike impingement, eight fi0,elfor

film cooling of combustion chamber wall.
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PACKAGE TEMPERATURE

TRANSDUCER (4)

HEATERS THERMO-SZU TCH

Nozzle extension L-605 material

Nozzle exit diameter 5.6 in.

Fuel lead.

Automatic coils - Connected in p:_.rallel.

Manual coils - Connected in. series.

Weight - 4.99 Ibs.

Length - !3.375 in.

I!lmninate CAUTION and WARNING light

on panel 10 (S/M RCS A, B, C, or D)

Under temperature'63°F.

Over temperature 175°F.

One in. Each Quad One in Each Quad

Close at 77 (+10, Close at 115°F

-7) °F

Open at 104±14°i _' Open at 134°F

36±3.6 watts per 36±3.6 watts per

heater heater

Performance Data.

Refer to Mission Modular Data Book, SID 66-1177.

Power Consumption Data S/M RCS and C/M RCS.
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Subsystenl

and Component

R eacl.ion control

Service module RCS

Engine heaters

RCS engine coils

?,,i i :: s ion

Control

RCS HEATER CB (4)

SCS JET SELECTION

LL, GI<, or DIRECT

No. of

Units

8

3Z

REACTION CONTROL SYSTEM

Basic Date Ig Nov 1966 Chan e Date

Watts per Unit

AC DC

*36.0

*AUTO :

3. 687

,:-"D IRE C T

1.06Z

Total Watts

AC DC

Z88.0

].18.0

34.0

Page Z. 5-18



}i

i'i

• • q

4

•1

J

I

[]

J

id

U

[J

U

SMP, A-03-SC012

APOLLO OPERATIONS HANDBO()K

SYST EiviS DATA

Subsystem

and Con_poneni:

He isolation valves

s

Propellant isolation

valves

Coml_and modul.e RCS

Isolation valves

RCS engine coils

Control

He VALVE CB (Z)

He sw (8)

PROP, ISOL. CB (Z)

PROP. ISOL. sw (4)

(Ref. S/M/RCS

ISOL. CB)

PROP. ISOL. sw (Z)

SCS JET SELECTION

I,OG!C OR DIRECT

No, of

Units

Z4

_,,Vatts )er Unit

DC

6.75O

6.125

IZ. 2.50

::_A U T 0 :

4. 208

<"DIRECT

g. 1S7

Total Watts

AC I DC

_ 54.0

49.0

49.0

10:3.0

5Z.5.

I

;:-'Intermittent operatin.g components.

Z.5.4.4 S/M RCS Electrical Power Distribution.

Z.5.5

See figure Z.5-7 for electrical power distribution.

S/M RCS OPERATIONAL LIMITATIONS AND RESTRICTIONS°

Operational llnfitations and restrictions on the testing of system

valves in a dry unservicdd propulsion system are as follows:

a. Helium isolation, valves _-nd propellan/ isolation valves n_inimtmz

energization time of 0. Z second and not to exceed 5 seconds.

b. Engine injector valve automatic coil energization not to exceed

Z minutes on time during any 15-rninute period with voltage not

exceeding 3Z vdc.

c. Engine injector valve direct coil energization on tinge not exceed

45 n-_inutes during any 60-nfinute period m_d voltage not exceed 16 vdc to

either coil separately or 3Z vdc £o two coils in series.

2.5.6 S/M RCS TELEMETRY MEASUREMENTS.

The subsequent list ks of a].lS/Ivi RCS telemeh-y data that is

monitored by flight controllers and ground support personr..el.

[!

[£
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S/M QUADS B&D

C/M SYSTEM A

S/M QUAOS A&C

C/M SYSTEM B

S/M RCS

QU&D

B

s/M RCS
QUAD

D

RCS
PROP ,(MDC ~._5)

ISOL

S/M RCS

SW!TCHES (_

HELIUM 1 A

HELIUM NO. 1 7

I SOL_'TION VALT_ I

HE LILIM 2C

S/M RCS

s/_aRcs
QU&D

C

NOTES: 1. Helium i_l_tlon voJv_ _re m_chanlcally latched opon ,sr_:l sprhlg-lce:L-,<d clc¢-_l.

2. Ihop_IIont _solotlon volv_ ar_ magneticolly I_ched open _nd _prlng-le_a_e_l clc_od.

3. Eoch h_ilum ilalation valvo ov_nt indicator is enorgiz_d when corre._ponding volvlt i$ in cl_,.¢+d pofltlon only.

4. Th_ pml,_liani ilolotlon _lve event ind;_tor is energlzed if eithl_r fu01 or oxidlz_r valve is in lhe cloled podtlon.

Figure 2. 5-7. S/M RCS Electrical Power Distribution Diagram
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Crvw Display

Panel I "

P,m,,i I Z

P:m_"] i g

Panel 12

PaneI i Z

Panel 12

Panel I 2

Panel 12

Panel i0 and :2

Panel I0 end [2

Panel I0 and iZ

Panel !0 and 12

]'lgurc

Z. 5-5

Z 5-3

2 5-3

2.5-3

2.5-3

2.5-3

2._-3

2.5-3

2.5-3

2.5-3

Z.5-3

2.5-3

2.5-3

2. g--3

2.5-3

Z .--3

2..5-3

2..5-3

Panel I0 and I2 2. 5-3

Pan6] 10 and 1Z Z. 5-3

,N,_ea sur cnl ent s

I it] iu*n 'Yank '[c:npcraturc A

lielium Tank Temperature ..B

Helium Tank Temperature C

Hehum Tank Temperature D

Helium Tank Supply Pressure A

![elium Tank Supply Pressure B

Helium Tank Supply Pressure C

Helium Tank Supply Pressure D

Regulated Helium Manifold

Pressure A

R egula _.ed He'., ium Y.anlfold

Pressure B

Regulated Helium Manifold

Pressure C

Regulated Helium Manifold

Pressure D

Oxidizer Feed Line Pressure A

Fuel Feed Line Pressure A

Fuc] Feed Line Pressure B

Oxidizer Manifold Pressure D

Fuel _eed Line Pressure C

Fuel _'eed Line Pressure D

Femperature Package A* P

Engine 3

Te,nDerature Package B - Y

2".ng ins 6

Measure~ i

l_/er!". I

Nvm_be r { Range0 +150°FSP, 50[ 3T

SR5014T

SR5015T

SRS016T

SR50011 _

SR500ZP

SR5003P

SR5004P

SR5729P

0 +150°F

' i +150°F,_150_F

+C _SK psia

-*,C +5K psia

+0 +5K psia

+0 +SK psia

+0 +400 psia

Si:-na]

Cond ition e r

SZSARI64(SI�A1)

SZSARt 6=(SI 9AZ)

$285P, 164(S19A3)

S28AR164(S19A4}

S28AR36(S'9A] )

SZ8AR36(S19A2)

SZ8AR36(S!�A3)

S28AR36(S19A4)

S28AR44(Si9A! )

SR5776P

SR5817P

SR58301 _"

SR5733P

SR5737P

SR5'784D

SR582tP

SR5822P

SR5823P

[+O +400 psla [ =)_Ana'¢<_oAZ]

[+0 +400 psia

I
+0 _400 ps[a

+0 +300 psia

+C ÷300 psia

+0 +300 psia

+0 a300 psia

+0 +300 psia

+0 +300 psia

SRS065T !+0 [.300°F

SRS066T !+0 +300'P

I

S28AR44(SI9A3)

S28AR44(S] 9A4)

SZ8AX40(S19A!)

SZ8AR40(SI�A2)

Channel

(2ocle _::

IOA89

10A�I

IOA93:

10A96

!!A82

1I.A88

! 1A8 9

liA�l

1ZA8

i2A9

!PAi_

!2A14

12A15

!ZAI6

[

lOA95

i 10A6Z

l

k:<: ¸ < : _,

Bit

_;[ r_/t C¢

[{2

if2

H2

H2

H2

H2

_12

I£Z

ill

Hi

H 1

Ztl

H1

HI

H1

i

H l

PCM

PC M

PCM

PCM

PCM

PC M

!

Opetat i'lz Rang," I

70:_I0 ° I'" on I
launch Dad,

variable during t

l_]i s s i{.113. !

4150_5°F psia

and decreases

,, with engine

firings.

Launch pad 193 to

207 psia decreas-

[Pg to 178 to

i

q
1 cn

q

PCM

PCM

f_ "1

FQ

FQ

FQ

FQ

FQ

1PCM i

I PCM i

19Z psla in a spacel

enviromnent. ._

Launch pad 193 to

207 psia decreas-

ing to I78 to

i92 psia itt a space

environment.

Pad 1!5 to 134°P

Flight I15°F [

to 175°7

>

0
C

O

O (n

>
> ,

o

l'.0

¢2

O
O
N



'!

•!!!

:i

.!I

4

1!

:i

J!

:!

•7!

?

:ii!ii

!

:<$
.> :5

d

:!

K

2
O

J
i

J
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o

I
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,C-

O z
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b

7a

¢D'

i,i

Crew D:sr_]av

Panel 10 and

Panel I0 and

i.'icure

2 2.5-3

Z 2.5-3

2.5-3

3,5-3

2.5-3

2.5-3

2.5-3

2.5-3

k4easuremcnts

Measure-

I_]e n t

N mmb e r Range

I +0 +300 ° F

+0 +300°P

+0 +500°F

Temperature Package C - P

Engine 4

Temperature Package D + Y

Engine 5

Temperature Injector Head B + Y

Engine

TemFerature Lnjector Head A

CCW R Eagine

Direct Ullage On A (Z16 Relay)

Direct Ullage On B (Zl6 Relay)

RCS Activate Signal A (Z19 Relay)

RCS Activate Signal B (Z19 Relay)

Tower Jettison A

Tower Jettison B

SR5067T

SR5068T

SR7iZ8'I

SR7134'I

CD0140X

CD0!41_[

CD01703[

CD0171X

CD0105X

CD0106X

+0 +50O°F

OFF ON

event

0FP o_

evetlt

OFF ON

event

OFF ON

event

Signal

Conditioner

SZBAP,40(SI ? A3)

SZ8AR40(S19A4)

Channel

Code:::

IOA98

10A[00

51A21

Bit

R ate:::

Ill

H 1

H I

51AZZ I HI

I1E1Z-061 E2

ilEIZ-08 i E2

IIE13-06! EZ

1
11E13-07 I EZ

i11EZ8-0Z EZ

L11EZ8-03 [ E2

PCM ]

FQ

FQ

PC M E

PCME

PCME

PCME

PCME

PCME

,',_Analog rqeasurements digitally coded into 8 bit words.

Analog rneasurements - 0 to 5 vdc

FQ - Flight qualifica:ion measure

H1 - High bit rate

H2 - High and low bit rate

E2 - High and low bit rate

Channel Code Example: i0A89

Significant nut,her - 1 "_

How many zeros after

significant number is • 0

amov.nt of samples per

second _ !

Analog - A. '_

Event - E

Channel code .- 89

I

sample

per

second

Operating: Range

Pad 115 toi34°F

Flight ll5°F

to 175°F

'Variable

Variable

Event

Event

Event

Event

Event

Event

1
I

1

I

I

!

I
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O
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2.5.7 C/M RCS FUNCTIONAL DESCRIPTION.

The command module reaction control subsystem provides the

impulse required for controlling spacecraft attitude during the terminal

phases of a mission.

The subsysterns are activated normally by the crew pls.cmg the C/M-

S/M SEPARATION switches to C/M-S/Ivl SEPARATION position or by

])lacing the C/M RCS PRESSURIZE switch to the ON position prior to

initiating C/iVi-S/M separation (C/M RCS PRESSURIZE switch m.ay also be"

utilized as a manual backo.p to the C/Li-S/M SEPARATION switches).

The subsystems are activated autornaticaliy in the event of an abort from

the pad up to launch escape tower jettison. Separation of the two modules

occurs prior to entry (normal mode) or during an abort from the pad up

to launch escape tower jettison.

The C/M-S/Iki consists of two identical and independent subsyste:q_s,

identified as subsystem A and subsystem B. ]Both subsyslems are operated

simultaneously. In the event a rr_a]function develops in one subsystems, the

remaining subsystem has the 6apabi!ity of providing the impulse required

to perform necessary pre-entry and entry maneuvers. The C/MI I{CS is

contained entirely within the C/M and each reaction engine nozzle is ported

through the C/M. skin. The propellants consist of nitrogen tetroxide

(NzO4) used as oxidizer and _qonon_ethylbydrazine (RiiViIi) used as fuel.

Pressurized helium gas is the propellant transferring agent,

The reaction jets nnay be pu].se-fired, producing short-thrust

in_pu!ses or contin_aously fired, produ, ch_g a _teady-state thrust level.

The short firing permits attitude re.odes of operat!on. C/iv! attitude

control is normally rnaiDtained by utilizing the applicable pitch, yaw,

and roll engines of suL'systems A and ]3. However, complete attitude con-.

trol can be maintained with on].y one subsystem.

A functional flow diagram, of C/M RCS subsystems A and 13 is shown

in figure Z. 5-8. The helium storage vessel of each subsysie_m supplies

pressure to two helium isolation squib valves that are norn_ally cIosed

throughout the mission until C/M-S/M separation or C/M RCS pressurize

is activated. The heliun-_ isolation squib valves in a subsystem are

initiated open, allowing pressure to the pressure regulators downstream

of each helium isolation squib valve, reducing the high-pressure heliun_

to a desired working pressure.

Regulated helium pressure is directed through a series--parallel

co_nbination of four independent check valves. The check valves pern_ifi

heliun_ pressure to the ft_el and oxidizer tanks, and prevent reverse flow

of prope]iant vapors or liquids. A pressure-relief is installed in the

pressure lines between the check valves and propellant tanks to protect:

the propellant tanks frorn any excessive pressure increase.

I<ttACTION CONTROL SYSTEM
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Helium entering the propellant tanks creates a pressure buildup

around the propellant positi_ve expulsion bladders, forcing the propellants

to be expelled into the propellant distribution lines. Propellants then flow

to valve isolation burst diaphrag:_ns, which rupture, and through the propel-

lant isolation valves. Each subsystem supplies fuel• and oxidizer to six

engines.

Oxidi_er and fuel is distributed to the IZ fuel and oxidizer injector

valves hy a parallel feed system. The fuel and oxidizer injector valves on

each engine contain orifices which meter the propellant flow to obtain a

nominal Z:I oxi.dizer/fuel ratio by weighG The oxidizer and fuel irnpln.ge,

atomize, and ignite due to the hypergolic propellants. The injector valves

are controlled automatically by the G&iN system or the SCS. Manual

override direct control is provided for rotational _T_aneu\'ers and direct

ullage only. The injector valves are spring-loaded closed.

Extremely cold ten_perature of the C/M exterior is anticipated prior

to entry opera_i.ons; therefore, C/M RCS engine preheating _nay be

necessary before initiating pressurization due to possib!e freezing of the

oxidizer (+II.8°F) upon contact with the engine injector valves. This is

accomplisb.ed by the crew n_onitoring the engh_e te___pcratures and ener-

gizing the injector valve solenoids until acceptable engine ten_peratures

are obtained. The C/M !IGS HTRS switch on panel 200 will apply power

to the injector valve solenoids for engine preheating.

Since the presence of hypergolic propellants can be hazardous upon

C/M impact, the _-emaining propellants are burned off _n6. the RCS purged

with heT!uno_, pri_r to C!M ]andi_g.

In the event of an abort from the pad up to T + 61 seconds after

liftoff, provlsi.ons have been incorporated to automatic:_i]y dun_p the

oxidizer supply overboard, followed by a he].iun_, purge of the oxidizer

tanks and dumping of the remaining'heliun_ supply. The fuel is retalned

on board due to insufficient time for dumping and the C/M impacts with

fuel tanks full, but depressurized.

C/}_i RCS MAJOR COMPONE_NTS/SUI3SYSTEM DESCR][PTION_

The C/M RGS is composed of two separate, norn-_a]ly independent

systen_s_ designated system A and system B. The systems are identical

to operation, each containir;.g the following four :majoT' subsystems:

Pressurization

Propellant

k_ocket engine

Temperature control system

M i,._ s ton Basic Date
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Z.5.8,1.3

Z. 5.8.1.4

Z. 5.8.1.5

Z.5.8.1.6

Pressurization Subs ystern.

This subsystem consists of.a helium supply tank, two dual-pressure

regulator assemblies, two check valve assemblies, two pressure-relief

valve assemblies, and associated distribution plun_bing.

Helium Supply Tank.

The total high--pressure heliun-_ is contained within a single spherical

storage tank. Initial fill pressure is 4150_:50 psig. The limit working

pressure is 5000 psig to acconqrnodate pressure transients during filling.

The proof pressure is 6667 psig and burst pressure is 7500 psig.

• dHelium Isolatior, (Sqmb-Operate .) Valve.

The two squib-operated heli.un_ isolation valves are installed in the

plumbing fro_.eachheliun]tankto confine the heliun_ to as small an area as

possible to reduce heliun_ leakage during the period the system is not in

use. Two squib valves are mlqployed in each systen_ i:o assure pressuriza

tion. The va]Mes are opened by closure of the CA4 PRESS switch on

panel 16, the C/M-.S/M SEP switches on pane]. 15, or upon the receipt

of an abort signal from the pad up to launch escape to\ver jettison.

Helium Pressure Regulator Assembly.

The pressure regulators used in the G/M RCS _;ubsystenns A and .G

are sirnilar in type, operation, and function to those used in the S/\,i fIGS.

The differences are that the regulators in the C/M ]<G,'5 are set at a higher

pressure than ihose of the S/M RCS.

Helium Check Valve Assembly.

The check valve assemblies used in C/M RCS subsystems A and

are sin_ilar in type, operation, and functi.on to those used in the S/_M ]{GS.

Helium Relief -Valve.

The helium relief valves used in the C/M RCS subsystems A and B

are similar in type, operation, and function to those used in the S/M ]iCS.

The differences are that the rupture pressure of the burst diaphragm in

the C/M RCS is higher than that of the S/M RCS, and the relief valve

relieves at a higher pressure in the C/M RCS than that of the S/M RCS.

Distributio n Plm_nbing.

Brazed joint tubing is used to distribute regulated heliun-_ in each

subsystem frorn the helium storage vessels to the propellant i;anks.

i::! :ii
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Prope].] ant Sub systern.

Each subsystem consists of one oxidizer tank, one fuel tank, one

oxidizer and fuel isolation valve, and associated distribution plun_bing.

Oxidizer Tank.

The oxidizer supply is contained in h single, titaniunn alloy,

hemispherical-domed, cylindrical tank to each system. Each tank ¢onta[n'-

a diffuser tube asse_nbly and a teflon bladder for positive expulslon of the

oxidizer similar to that of the S/M F(CS tank assen'_blies. The difference

is the C/Ni R(;S tank assemblies are s_.alJer iF_ size. The bladder is

attached to the diffuser tube at each end of th:e tan]<. The diffuser _llbe

acts .as the propellant outlet.

When the tank is pressurized, the helium gas surrounds tl_e entire

bladder, exerting a force which causes the bladder to collapse about the

propellant, thus forcing the oxidizer i,ato the diffuser rule assembly and

out of the tank outlet into the man.ifold. Working pressure is 360 psig;

proof pressure is 480 psig; and the burst pressure is 540 psig_

Fuel Tank. The fuel supply is contai.ncd in a single, titanium alloy,

hemispherical-domed, cylindrical tank for each system that i.s similar in

material, construction, and operation to that of the oxldiz,_;r tank.

Diaphragm Burst lsolation Valve.

: ..... 11 ,
The burst diaphraems, downstream froth: each tank are _._t._.._.ea to

confine the propellants i_ato as small an area as possible d_roughout the

mtssion. This is to prevent loss of propellants in the event of line rupture

downstream of the burst diaphragm or injector valve leakage.

When the helium isolation squib valves are initiated open, regulated

helium pressure pressurizes the propellant tanl<s, creating the positive

expulsion of propellants into the respec',ive manifolds to the burst

diaphragms, which rupture, all.owing the propellants to flow through the

propellant isolation valves, to the injector valves on each engine. The

diaphragm is of the nonfragmentation type; but, in the event of spy frag-

mentation, a filter is incorporated to prevent any fragments from enterh_g

the engine injector valves.

Propellant Isolation Shutoff Valves.

When th.e burst diaphragm isolation valves are ruptured, the

propellants flow to the propellant isolation valves.

The isolation valves in the fuel and oxidizer lines are both controlled

by a single switch on panel 15o The valves are two-solenoid valves and are

REACTION CONTROL SYSTEM
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magnetically latched open and spring-loaded closed. The valves are

normally open in respect to fluid flow. The C/M propellant switches A and '

B on panel 15 will. be placed to ON after T + 61 seconds and will remain in

that position until orbit insertio'_ to ensure that the propellant isolation

valves remain open when systems A and B are pressurized upon abo_l:

initiation. The switches will also be placed to ON prior to C/M-S/M

separation and remain in that position until completion of propellant

jettison to again ensure that the valves remain in the open position. The
switches are p!aced to center-neutral position after tower jettison until

prior to C/M-S/M separation, removing electrical power from the valves. !'

Each valve contaies a position switch which is in parallel to one

position indicator below the switch ol,. panel i5 that controls both valves.
When t]_e position switch in each valve is open, the indicator on panel 15

is grey (same color as the panel), indicating to the crew the valves are in
the normal, position. When the position switch in each valve or one valve is
closed, the indicator on pa._ae] 15 is diagonal lines, indicating to the crew

the valve cr valves are closed. The valves are closed in the event of a
failure downstream of the valves, line rupture, or runaway thruster, etc.

The valve will operate at 0 to 360 psig a.t both the inlet and outlet ports.

The proof pressure is 540 psig and the burst pressure is 7Z0 psig.
The solenoid is a Z8-vdc type with a pull-in voltage of not more daan 15 volts

dc, and the current not to exceed Z amperes at 30 vo]ts de. The valve

assembly response is 200 .milliseconds maximum for one-cycle operation

(open-to-closed or closed-to-open).

!i-7 ':

f •

Distribui_on I_iumbiag.

Brazed joint tubing is used to distribute pressurized helium gas to

the propellant positive expulsion tanks in system A and system t3. The

distribution lines contain 11 explosive-0perated (squib) valves which permi_

changing the helium distribution configuration to accomplish various

functions within the C/M RCS. Each squib valve is actuated by an explosive

charge detonated by an electrical hotwire igniter. After igr}ition of the

explosive device, the valve remains open permanently. Two squib valves

are utilized in each system to isolate the high-pressure helium gas supply

to the storage tanks until RCS pressurization is commanded. Two squib

valves are utilized to interconnect system A and system B regulated

heliu_n supply, which ensures pressu.rization of both systems during

dump-burn and helium purge operations. Two squib valves in each system

permit he]lure gas to bypass the propellant tanks, allowing heliu:-n purging

of thc propellant subsystem. One squib valve is installed in system 13

regulated helium line to permit helium depressurization in the event of a

].ow-a][icude abort (pad to T + 61 second abort).
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2.5.8.3 Engine Assembly.

The command n_odule reaction control subsysten_ engines are

ablation cooled, biprope]lant thrust generators which can be operated in

either the pulse-mode or the steady-state mode.

Each engine consists of a fuel and oxidizer control valve, which

controls the flow of propellants by responding to electrical commands

(automatic) generated by the guidance and navigation subsystem and/or

stabilization control subsystem or by the crew (manual!y) and an injector

head assemb!y which directs the flcw of each propellant from the propellant

control valves to the cornbustior: chamber arid the combustion chamber in

which the prope]iants are burncd to produce thrust. Estimated engine thrust

rise and decay is shown in figure 2.5-9.
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Figure ,,." 5-9. C/M RCS Engine Thrust Rise end Decay Time (Typical)
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2,5,8.3.4

Prope]lant So]enoid Injector Control Valves (Fuel and Oxidizer).

The injector va]ves utilize two coaxially wound coils: one for

automatic and one for direct rsanual control. The automatic coil is used

when the thrust command originates from the jet selection logic. ,The

manua] coils are used when the _hrust command originates at the rotation

control (direct mode).

The so]enoid valves are sprimg-loaded closed and energized open.

The reaction time of tl_e valves, pulse mode of operation, reason for

pulse mode, and thrust curve ge-erated by the engine is similar to the

S/M RCS engines.

The automatic coi]s in the fuel and oxidizer injector valves _:,re

.connected in parallel from the SCS. The manual coils in the fuel and

oxidizer injector valves provide a manual direct backup to the autpmatic

systen'_. The n-_anual coils are connected in parallel from the rotation

controls.

Engine injector valve opening time of 5±Z milliseconds and closing

of 6.-52 milliseconds for the automatic coils and opening time of 7 milli-

seconds and closing of 16 to 18 milliseconds for the direct maauai coils.

The actuation time shall not vary by more than -_50 or -.Z5 percent opera--

ring time between +40 to +ZOO°F.

!nj ecto r.

The injector, contains e. fuel a_d o'<ldizer paCsage that irnpi>ge

(unlike impingement) upon a splash plate within the con_bustion chan_ber.

Therefore, the injector pattern is referred to as an unlike i]npi.nge_._ent

splash-plate injector. There are 16 fuel and 16 oxidizer passages in

the injector face.

Thrust Chamber Assembly.

The thrust chamber assembly is fabricated in foul segments:

combustion chamber ablative sleeve, the throat insert, the ablative

rnaterial, and the asbestos and the fiberglass wrap. The engine is

ablative cooled.

th e

Nozzle Extension.

The C/M RCS engines are n_ounted within the structure of the C/M.

The nozzle extensions are required to transmit the gases from the engine

out through the structure of the C/M. The nozzle extensions are fabrica-

ted of ablative material.
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Z.5.8.3.5 Engine Solenoid Injector Valve Temperature Control System.

A temperature control system of the C/M RCS engine valves is

employed by energizing the manual direct coils on each engine.

Temperature transducers are mounted on the engine injector valve

oxidizer solenoids. A temperature-transducer is installed on the sub-

system, A counterclockwise roll oxidizer valve, negative yaw oxidizer

valve, negative pitch oxidizer valve and on subsystem B positive yam.'

oxidizer v_!ve, negative pitch oxidizer valve, and clockwise roll oxidizer

valve. These engine injector solenoid oxidizer valves were selected as

the coldest engines.

.Fhe temperatttre transducers have a range from -_50°F to +ZS0°F.

The temperature transducers; from the three subsystem A and B engine

oxidizer injeccor valves provide inputs the the TEST SELECT switch on

pane1 Z00, which is located i..u the lower equipment bay of the comr_ta.nd

module. With the FUNCTION St!'LI_fCT switch on panel ZOO placed to

position I3 and the TEST SEL, ECT rotary switch on panel Z00 placed to

positions l, Z, 3, 4, ]i', and 1Z, respectively, the specific engine oxidizer

valve temperature is monitored as a d-c voltage on the 0- to 5-vdc

voltmeter. Zero vdc is equivalent to .-50°F and 5 vdc is equivalent to

+250°Fo

A C/M RCS HEATEP, switch is located on panel ZOO. The C/M

RCS HEA'I'_R sw_tch is placed to the ON positio_ when any one of the

i,:ls_.z-b_to.e.:,t1_.c] ei@ilies aFe uczo,_ ,_ -_ , ,_y_ ......... ,.... ) .........

must be acco_nplished withh_ 26 minutes prior to C/M-S/M separation,

providing the C/M Fropellank jettison LOGIC switch is ON. The fuel and

oxidizer injector valve manual coils of all C/M RCS engines are energized

open (prior to pressurization of C/M RCS subsystems A. and ]3). A

13-minute heatup time maximum or 100°F, which is monitored on the d-c

voltmeter on panel 2,00 as Z. 50 vdc, assures engine injector w'dve

temperature is at +Z0°F minimum. If +].00°F, Z.50 vdc on the d-c volt-

meter is reached from the coldest instrumented engine before 13 minutes,

the C/M RCS HEATER switch is placed to OFF, which de-energizes the

engine injector valves and the injector valves spring--load closed. If a

time of 13 minutes is reached before +100°JF, Z. 50 vdc on the d-c volt--

meter, the C/M RCS t-tEATER switch is placed to OFF. This will prevent

the oxidizer from freezing at the engine injector valves upon pressurization

of subsystems A and ]3.

The C/M RCS I-_[EA'I'EP, switch must be placed to OFF prior to C/M

RCS pressurization/ The operation of the C/M RCS HEATER switch in

conjunction with the d-c w)ltmeter and/or heati_-g time ensurES all other

engine valves reach the acceptable temperature levels. %'he +100°F,

Z_ 50 vdc, or thirteen-minute time lin_it assures that the warmest engine

valve will be less than -',-200°F.

ii<i_

,<
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2.5.8.3.6 Engine Thrust ON-OFF Logic.

All thrust commands for C/M attitude pass through the stabilization

and control subsystem and the jet selection logic. These comn_ands n_ay

originate at the following:

a. The rotation controls

' b. The stabilization and control subsystem

c. The guidance and navigation subsystem.

In the event tt?e SCS and[or jet selection logic is unable to provide !

commands to the automatic coils of the C/M RCS engines, placing the

DIRECT RCS switch on panel 8 to the ON position provides power to the

rotation control. When the rotation control is positioned fully to its stops

in any direction, the rotation control energizes the required manual coils

for the desired n_a.neuver.

When the CM SM.. SEP switches on panel. 1 5 are placed to CM Sh4

SEP position, the switches automatically energize relays in the RCS

transfer panels (C19A4) and in the RCS cor_tro! boxes (CI9A1)

(figure 2. 5-10) (providing the CM PROP JETT LOGIC switch on panel g is

ON) that transfers the SCS and direct manual inputs from the S/M RCS

engine th the C/M RCS engines automatically. (These same functio;,.s

occur on any LES ABORT.)

I<

The transfer motors in the RCS transfer panels (CI9A4) and in.the

RCS control boxes (C19AI) are _edundant to each other in that they ensure

the SCS and direct manual inputs are transferred from the S/M RCS

engines to the C/M RCS engines. The transfer motors in the RCS control

boxes (C19A]) are automatically activated by the CM SM SEP switches

(providing the CM PROP JETT LOGIq switch is ON); in addition, they

may also be activated by the manual backup of the RCS TRANSFER switch

on panel 16. The transfer motors in the RCS transfer panels (C19A4)

are activated automatically only by the CM SM SEP switches (providing

the CM PROP ,IETT LOGIC switch is ON).

_As an example, if the RCS transfer motor in C19A1 failed to transfer

automatically at CM SM SEP, Lhe RCS transfer Fnotor in C19A4 would still.

automatically transfer the SCS and direct manual inputs from the S/M

RCS engines to the C/M RCS engines (providing the CM PROP JE%'T

LOGIC switch is ON). In addition, the RCS TRANSt"ER switch on panel 16

provides a manual backup to the C19A1 RCS transfer motors only.

Anothe.r example, the C/M RCS subsystems could be checked out

prior to CM SM SEP by placing the RCS TRANSFE]_ switch on pane] t6 to

CM position, and only the RCS transfer m.otors (C!9A!) in the RCS control

boxes would transfer the SCS and direct manual inputs from the S/M RCS

engines to the C/M RCS engines. The transfer motors in the RCS transfer

panels (C19A4) would not transfer until C/M S/M SEP (providing the C/N/i

PROP JETT LOGIC switch is ON) and ti_en start the SM jettison

controllcrs.
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Z, 5.8.4 Propellant Jettison.

There are two sequences of propellant jettison. One sequence is

employed in the event of an abort while the vehicle is on the launch pad and

through the first 61 seconds of flight. The second sequence is employed

for all other conditions, whether it be a normal or an abort mode of

operation. The sequence of events before and during a nornlal re-entry

is as follows:

a. The crew will place the C/_ S/M SEPARATION switches to the

C/M S/M SEPARATION position on panel 15 or place the C/M RCS

PRFSS switch on panel ]6 to the ON position, prior to initiating C/k4 S/M

separation. The C/}_ RCS PRESS switch or the C/1\4 S/iv[ SEP switches

initiates the heliun_ isolation squib valves in C/i%_ RCS subsyste_-ns A and B,

thus pressurizing both subsysten]s (figures Z. 5.-8 and Z. 5-].0). The C/.N4

RCS PRESS switch provides a backup to the C/_i S/M SEP switches and

the I%CS LOGIC switch on panel 8 must be ON, urior to initiating

C/M-S/}_ separation to provide an au£orn_t[c IRCS transfer.

b. The C/IV[ cor;tinues to descend _.fter re-entry into the earth

atmosphere. At Z4,000 feet, barn]metric s\vitc!_ is activated which

unlatches the RCS latching relay, h_.hibiting any co_Yn_nands from the SCS

to the jet selection logic (figure Z. 5-3) (manual backup of RCS Ck4D switch

panel 16).

c. At ._-nain parachute line stretch, the RCS propellant jettison DU]VIP

switch on panel 8 is placed to the DUMP position as e normal manual

function by the crew, initiating the following functions, sin_-ultaneously.

The RCS LOGIC switch on panel 18 must be ON prlol to placing DUMP

switch to DUMP position.

1. Initiakes the two heliu_n interconnect squib valves

Z. Initiates the fuel interconnect squib valve

3. Initiates the oxidizer interconnect ,squib valve

4. The fuel and oxidizer injector valve manual coils are energized

on all of the C/M RCS engiDes, excluding the -t- pitch engines. The

+pitch engines are not energized due to their location, being adjacent

to the steam vent. The propellants are jettisoned by burning the

propellants remaining in 10 of the 1Z engin.es. The length of time to

burn the remaining propellants will vary, depending upon the amount

of propellants remaining h'_, the fuel and oxidizer tanks at Z4,000 feet.

If an entire propellant load remained, as an example, a nominat burn

time would be 88 seconds through 10 of the 1Z engines. In the worst

case of only 5 of the 1Z engines (manual coils energized), a nominal

burn time would be 1.55 seeonds_

d. Upon con_pletion of propellant burn, the C/M propellant jettison

PURGE switch on panel 8 is placed to the PURGE position as a normal

manual function by the crew. When the PURG92 switch is on, the switch

ip. itiates the four helium bypass squib valves, allowing the regulated

helium pressu_e to bypass around each fuel and oxidize:,: tank, thus

purging the manifolds through 10 of the 1Z engines. Purging requires

approximately 15 seconds or until helium depletion.

[
:{
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e. In the event of the C/M propellant jettison LOGIC sw_itch and/or ,

DUMP switch failure, the rernalning proueliants may be burned by placing

the DIRECT RCS switch on panel 8 to ON and positioning the two rotation

controllers to CCW, CW, -.Y, +Y and -P (excluding +I°) position, ener-
c#

gizing the manual fuel and oxidizer injector valve solenoid coils o,:

i0 of the iZ C/M RCS engines burned. At the comp].eti.on Of propellant _'

burn, the C/M RCS HEL_.Ub DUMP switch on panel 26 would be placed

ON initiating the four bypass squN) valves, allowing the regulation helium

pressure to bypass around ea.ch fuel and oxidizer tank, and purging the ,

manifolds through i0 o.f the IZ engines providing the two rotation con- !

trollers are positioned to CCW, CW, --Y, +Y and --P (excluding +I_).

f. In the event the C/A,! propellant jettison LOGIC switch and DUMP

s_vitch on panel 8 hmction correctly and the PURGE switch fails, the C/bl

H}_Li[]M. DU_iP s-<_d[ch on p_nel Z6 would be place(] to ON', _hus initiating

{:l_efour helium bypass squib valves, a!icv¢ing the regulated heliu_m pres-

sure to bypass around eac]:, fuel and oxidizer tank_ and purgln_ i:he

rnanifolds through ].0 of the IZ engines.

g. Prior to _>_ater K_npact _be LOGIC switch on pane] 8 n_ay be placed

to the OFF position, \vhi.ch would de-energize the manual coi•Is of the

engine injector valves allowing the engine injector valves to spring-load

closed, preventing sea \rater fro}s<_ entering the _anifolds through the

engine. The DUMP switch [)laced £o the OFF position will accoH_plish

the sarape function.

The sequence of events invoivi.ng an abort from the pad up ;:o

6] seconds i._ as follows:

a. The OXIDIZER DI.KM1 _ sw, itch on p;.u_,el ].6 is placed in the AUTO

OX DUMP position, and the RCS LOGIC s_vitch o._ pane] 8 is placed {_n the

ON position, at some time in _he com)tdown prior '_o T:0.

b. The following events occur sh:_ul[aneousiy upon the receipt of the

abort si.gnal. The com. ma,,_d may be gener.%ted autoz_.atic.ally by the

sequence events controller subsyste_n oz" by_tdanual].y rotating the

translation control cou_-_.[erclockwise.

i. _Vh.en the abort signal is receive_4, the two squib-operated

helium isolation valves in each syste_n are initiated ope_3, pressurizing

subsystems A and B. Manual backup of the C/i_i PRESS switch,

panel 16.

Z_ The squib-operated heliun_ interconnect valve for the oxidizer

tanks is initiated open. If only one of the two squib helkun isola',ion

valves was initiated open, both systems are pressurized as _. result

of the hc]lum interconnect squib valve intercom_ect.

3. The solenoid-o[)erated fuel _nd oxidizer isolation shutoff

valves are closed to prevent fuel and oxidizer from flo_ving to the

thrust, chamber assemblies.

4. The squib-operated oxidizer interconnect valve is initiated

open_ If only one of the I.wo oxidizer overboard dv,a_p squib valves

was initiated open, tlte oxidizer manifolds of each system are common

as a result of the oxidizer interconnect squib valve.

o fS T_-MREACTION CONTROL o ......

IZ Nov 196_.(_hang e "_ _ ..........................



i

SMZA-03-SC01Z

A PO LLO OP]'ERAT IONS HAi'_DB OOK

SYSTEAiS DATA

4

" Ji

%

i¸]

%

:i

,ii

]
<{

5. The squib-operated oxidizer overboard dump valves route the

oxidizer to a blo\v-out plug in the aft heat shield of the C/M which

shears a pin due to the pressure buildup and blows the plug out,

dumping the oxidizer overboard. The entire oxidizer supply is dumped

in approximately 13 to !5 seconds.

6. The RCS latching relay will not energize in the event of an abort

from 0 to +61 seconds due to the position of the AUTO OK DUMP switch

(figures 2. 5-3 and Z. 5-10). Thus, no commands are allowedinto the

jet selection logic from the SCS.

7. The C/M-S/M RCS transfer inotor-driven switches are auto-

matically driven upon the receipt of the abor t siznal, allowing electrical

signals to be supplied to the C/}_I RCS engine injector valves. ]klanual

backup of RCS transfer switch, panel 16.

c. Eighteen seconds after the abort signal [s initiated, the follov_ing

events automatically occur si_nultaneously:

!. The helium interconnect squib valve between the fuel tanks is

initi __.ted open.

Z. The heliun] overboard dump squib valve is initiated open,

dumping the helium pressure overbo[{rd i_to the aft equipment

compartment, releasing the helium pressure frorn both fuel tanks.

3. The bypass squib valve to the subsysterns A and B oxidizer tank

is initiated open, purging both oxidizer systems out through the over-

board dump in the aft heatshield.

4. Fuel re_"nains onboard at impact with no pressure on the fuel

tanks.

The sequence of events of an abort, initiated after 61 seconds up to

launch escape tower jettison, are as follows:

a. At 61 seconds after lift.-off, the crew as a normal _anual function

will place the AUTO OX DUMP switch on panel 16 tothe AUTO RCS CMD

position.

b. The RCS LOGIC switch was placed to the ON position prior to T+0.

I. Initiate both helium isolation squib valves in C/M RCS,

subsystems A and B. Manual backup of C/M RCS PRESS switch on

panel 16; thus, pressurizing C/M RCS subsystems A and B.

Z. Drives the C/M S/M RCS transfer motors to the C/M RCS

position. Manual backup of RCS TRANSFER switch on panel 16 for

CI9A] RCS transfer motors only.

3. RCS latching relay energized one second after receipt ol the

abort signal.

d. At main parachute line stretch, as a normal manual function, the

RCS propellant and jettison ]DUMP switch on panel 8 is placed to the

DUMP position initiating functions the sa_,ne as a norn_al entry.

[

[

[

[
[<

[
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2.5.9

2.5.9.1

C/M RCS PERFORMANCE AND DESIGN DATA.

Design Data.

The following list contains

H,ELIUM TANKS (Z)

data of the CM/RCS components:

4150±50 psig at 70°±5°F during servicing,

setting on launch pad 70°_I0°F. Capacit):

0.57 Ibs, inside diameter 8.84 in., wall

thickness 0. !05 in. and internal volume

of 365:-_5 cubic in. at 4150±50 psig.

HELIUM ISOGA'_['ION SQUIB

VALVE FILTER

Remove 98 percent of all particles \vi-_ose

qtwo _mahes.t dimensions are greater than

40 microns.

Remove 100 percent of all pardcies whose

two snnallest dimensions are greater than

74. mtcroni_.

lit _
k

REGULATOR UNITS (4) Pri_nary - Initial of 291±6 psig and stabilize

within 2 seconds to Z9i:-k4 psig,. Locl<up

pressure rnini_nuna of Z84 psig and not

exceed 30Z psig.

Secondary - Lockup Z87 to 308 psi.g a,ud

stabilize at Z94. 5±7. 5 psig within

Z s ec oD.d_,

HELIUM RELIEF VALVES

(4)

Diaphragm rupture at 34.0--t8 psi.

Filter - 10 nMcrons nominal, Z5 microns

absolute

Relief valves relieves al: 346±!4 psig

Relief valve reseats at no less than

:)Z7 psig

F].ow capacity 0. 3 lb/min at 60'F and

346_14 psig

Bleed device closes when increasing

pressure has reached no more than

179 psig in the ca_,ity and a helium flew

of tess than ZO standard cubic cer_.timelc:rs

per hour across thc bleed and relief -'ah'e

assemblies combined. The bleed device

sLall reopen when decreasing pressure has

reached no less than 20 psig.

,_ REACTION CONT'i{OI, SYSTEM
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PRESSURE TRANSDUCERS

FUEL AND OXIDIZER

FUEL TANKS (Z)

OXIDIZER TANK (Z)

VALVE ISOLATION BDRS'i'

DIAPHRAGM (4)

ENGINE

l].lurninates caution and warning light on

panel I0 (C/M RCS A or .]3)

After heliunq isolation, underpressure

Z65 psia

Squib valve actuation, overpressure

325 psia

Combined propellant and ullage volume

of 45. Z ibs, initJ.a]ly at 65°F at 304-2 psig,

resulting in a tank pressure of no more

than Z05 psia when heated to 105°F.

Length 17.3Z9 (+0.040, -0.000) in.,

oatside diarneter rna_:imurn IZ. 6Z in. , wall -

thickness 0,OZZ in. to O.OZ7 in,

Coinbined propellant and ullage volume of

89. Z pounds initially at 65°F at 30+Z psig,

restilting in a tank pressure of no more

than Z05 psia ",vixen heated to 85°F.

Length 19. 907 (+0.040, -0.000) in.,

maxirnunl outside diameter 1Z.6Z in.,

wall thickness 0. 022 to 0. 027 in.

Rupture at 24im14 psig, within Z seconds

redcfLt:u &i; &iiyafte:c ruptu._e l?_.sbu.'e ;s ' " '

tem.perature between 40 ° to 105°F.

Filter 75 microns nominal, 100 micro;is

absolute.

Z00-second service life, 3000 operational

cycles

Nominal thrust, 93 pounds

Expansion ratio, 9 to ]

Cooling, ablation

Injector type, 16 on 16 splash plate

Combustion chamber refrasil ablative

sleeve and grapl-_ite base throat insert.

t_

[

[
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2.5. i0.1

Z. 5. ll

OXIDIZER DUMP BLOWOUT

PLUG

Perfornnance Data.

AutornatJ.c and manual coils -. connected

in parallel

Weight, 8.3 lbs

Leltgtn, Ii. 65 in., nxa_,::irnmn

Nozzle e}_:itdiameter, 2. 13 inches

.Nozzle extensions, ablative refrasil

Pin shears at 100 psig

Refer to iViission Iviodul.ar Data .uook, S]:D 66-]_77.

Power Consmmption Data..

Refer to paragraph Z. 5.4.3.

C/M RCS OPERATIONAL LIMITATIONS AND RESTP, ICTiOI'4S.

A propellant isolation va]ve switch must be placed to ON rno_en-

tarJ!y prior to lift-off and returned to neutral. At T+61 seconds after

lift-off _he switches must be placed to Olq untiI orbit insertion to ensure

thai; floe val-,,cs will re_nin epin if a:_ LEF 7 abort is _.nJtiatod; f]_en ai:

orbit insertlo_t:, the switches may be placed to neutral. The swi.tches

n%us[ be placed to ON prior £o C/iN4. RCS pressurization to ensure valves

remain open throughout entr3..

C/M RCS Electrical Power Distribution.

See figure 2.5-11 for elect.rical power distribution.

C/IVl RCS TELEMETRY MEASUREMENTS.

The following is a complete ].ist of the C/Ni RCS telemetry data that

is monitored by the flight controllers and ground support personnel.

.t£•

!
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Crew Display

Panel 1Z

P;mcl 1 "

Panel IZ

Panel 12

Panels 10 and IZ

Panels 10 and IZ

Panels 10 and 1Z

Panels 10 and 1z

Panel 97

; Panel 9"7

Panel 97

manel 97

Panel ;7

Panel 97

,,,."

t.'igur c I

I

Z.5-7

Z.5-7

2.5-7

2.5-7

2.5-7

2.5-7

2.5-7

2.5-7

Z.5-7

2.5-7

2.5-7

2.5-7

5-7

1.5-7

2.5-7

2.5-7

2.5-7

2.5-7

2._=-7

Z, ,_-7

2.3-7

Mcasurcn_ent

_h'lium I'ank Supply mressure A

Helium 'Yank Supply Pressure t3

Hehum Tank Supply TemperaZure A

I-leiiunl Tank Supply Temperature B

Fuel Tank A Pressure

Fuel Tank 13 Pressure

Oxidizer Tank A Pressure

Oxidizer Tank B Pressure

Fuel Line Pressure A

Fuel Line Pressure B

Oxidizer Line Pressure A

Oxidizer Line Pressure B

TeFnDerature Oxidizer Valve "

CC¥_ R Engine A

Tslmperature Oxidizer Valve -Y

Engine A

TerPperazure Oxidizer Valve --_

Engine A

Temperature Oxidizer Valve '-Y

En£ ine B

Temperature Oxidizer Valve -P

Eng ine B

Temperature O:,:idlzer "Valve CWR

Engine B

CCW Roll En£ine Chamber

Pressure A

CCW Ro]l Engine Chamber

P!'essilr_ t3

CCW Poil Engine Wa!]

T_'.'Tq_' r a t u.r c A

rn e_,l. ]

Nunqb e r Rc_uge

CR0001P I+0 +5K psia

CR00')ZP l-"-0 +5K psia

CR000_T i+0 +300 °F

CR00047 ;0 +300_F

CR0005P +0 +400 nsia

CR0006P -0 -t-400 psia

CR0011P _0 +400 psia

CR001ZP +0 <-400 psia

CR06Z3P +0 +400 psia

CR0624P +0 +400 ps[a

C2%0625P +0 +400 psia

CR0$Z6P +0 +400 psi&

CRZ_01T!-50 +250°F

[

C!<2LOET -50 +250°F

CRZZ05T -50 +ZS0_P

CRZI:03T -50 +250°F

CR2Z04T -50 +250°F

CRZZ06T -50 +250°F

i

CROqI4P • +0 +250 psia

CR0_ZOP "_0 +250 psi&

CRa, 361T _0 i100GOF"

Signal

Conditione r

CZ8AR31

CZSAR3Z

CZSAR33

CZ8AR34

CZSAR35

C28AR36

C28AR38

C28AR39

C28AR295

C 28 AR296

C28ARZ99

CZ8ARZ97

CZSARZ98

CZ8AR300

' _ .,'i

.r" I

J nnel Bit

--,' .-

t10A l,
IOA83 fI2

iCA5Z i H1

10A55 HI

lIAI07

1 i.%]14

I I A79

IIA81

F-l

F-Z

P-3

F--4

51A17

! I A78

5IAI8

I0 A35

10A38

10A34

P-13

F - 14

o5, A1,

Lw_ .....

H2

HZ

fl 2

H2

v

HI

HI

HI

HI

HI

HI

ill

PCM

FQ !FQ

FQ

PCM_

PCM l

PC M

PCM

PCM

PCM]

Fa ]

VQ

O p ": ::ting <: nge

4150:h50 psia and

dee rcase during

mission.

70_I0°F on launch

pad variable

during mission.

After pressuriza-

tion 287 to 308

psla until propel-

lant purge

I

Flight recorder.

Variable during

mission, prior to [

sep&ration turn i
heaters on if I

below +64°F, turn

off in 13 nuinutes

time or !O0°F. I
t,ahicheve r is

reached first. [

i
• i

!
Flight recorder. I

>

O
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0
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Crew ;?is_lav Figure i Meaaur_,ment

Z. =,-7 i CCW RoI1 Eni,'ine Wall

Z.5-9

2.5-9

2.5-9

Z.5-9

Z.5-9

Z.5-9

2.5-9

Z.5-9

2.5-9

Z.5-9

2.5-9

2.5-9

Temperature B

C/M-S/M SEP Relay Close A

i (Z9 to Z7)

C 'M-S/M SEP Relay Close B

(Z9 to Z7}

LES Abort Initiate Signal A

(Z9 to Z7)

LEg Abort Initiate Signal B

(Z9 to Z7)

RCS Actuate Signal A (ZI9)

RCS Activate Signal B (Z!9)

C/M Pressurize Signal A (Z9 to Z7)

C/M Pressurize Signal B (Z9 _o Z7)

Barometric Switch Lock In Close

Relay A

Barometric Switch Relay Lock In

Close Relay B

Lift-Off Signal A

Lift-Off Signal B

*Analog measurements digitally coded into 8 bit words.

Analog measurements -0 (+0.15 -0) vdc to 5 (+0, -0.15) vd¢

FQ - Flight qualification measurements

HI - High bit rate

HZ - High and low bit rate

EZ - High and low bit rate

........l i 1 T Iment I Sienal I Channel t_t
[_.at c:: I

t

Ntu-_b c rq_, Range

CR458ZT +0 +I000°F

CD0023X OFF ON

event

CD0024X OFF ON

event
I

CDOOOZXIOFF ON

] event

!

e< tON

CD0171X]OFF ON

event

CD0173X

CD0174X

CE00OTX

CE0008X

BS006CX

BS0061X i___

OFF ON

event

OFF ON

event

CLOSE OPEN

eveut

CLOSEOPEN

event

Condlt:oner 1 Operating F, ang c
Code:;:

I

51AZ0 If!

IIEIZ-03 EZ

I!EIZ-04 EZ

IIEI2-01 EZ

IIEIZ-07 EZ

IIE13-06 EZ

IIE13-07 EZ

llEI3-08 E2

fIEf4-01 EZ

11E14-08 EZ

liE15-01 E2

IIE25-03 EZ

IIE25-04 I EZ

}.'Q
FCME

I

I PCME

PCME

PCME

PCME

PCME

PCME

PCME

PCME

PCME

PCME

PCME

I

i V a t'inbh'

Event

Event

Event

Event

Event

I Event

Event

Event

Event

Event

Event

Event

Channel Example: i0A81

Significant number - 1

How many _eros after ] t]
s[gnifieant nun_ber is _ 0 sample
arr',ount of samples per _ per

second j second

i

_q
>

>
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U
U
O

O

>

Z
<n

>
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2.6.!

SECTION Z

SUBSECTION Z. 6

ELECTRICAL I°OWEIZ SYSTEM EPS)

INT ROD UC TIO N.

The electrical power systenu (figure Z.6-I) supplies all electrical

power required By the sp_..cecraft to cornp!ete its scheduled nuission.

D-C electrical power is provided ])_ three fuel ceil power plants, two

S/M jettison control]er batteries located in the -_erviee nuodule, and

five batteri.es (Z pyro and 3 entry) located in the coznnuand module. A-C

electrical power i.s provided by one, or two, of the three inverters located

in the lower equipment ba.v of the co_nn_and modt_le. Controls and displays

for the EI-_S are positioned in the command n_odu.le near the a,;tronaut

respcmsib]e for contro]]ing and nzon[tori_ng tJ_e system. The EPS can be

divided into four subsystems as follows:

Energy storage: cryogenic storage; pyrotechnic, entry, and S/]'_

jettison controller batteries

Power generation: fuel cel! power plants

Power conversion: se!]d state inverters, battery charger

e Power distribution: d-c power dis_ri.budon, a-..c power distribution,

sensing circuits, COl__trols and displays.

FUNCTIONAL D_'SC R].PTION.

Energy Stowage.

The primary source of energy for the EPS is provided by the cryo-

genic storage syste_n. There are two hydrogen (fuel) and two o>_vgen

(oxidizer) cryogenic storage tanks. F]-{ch tank has i£s associated controls,

heaters, and fans designed to give, in an automatic mode, a si.ng!e-phase

reactant to its load throughout the tank-.density range, when operath_g at

norn_al pressures.

A secondary source of energy storage is provided by batteries.

The batteri.es supply sequencer logic and pyro power at all ti:,rlcs, sup-

piementz{] d-.c power fox high-peak loads, and _]I electrical power required

during the entry and post]anding phases after CSM. separation.

i?_,....

[i
[

Mission

E L If"(.:T R iC A ]b]PO W E _:(SY ST i_Ni
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Z.6. Z.Z

Z. 6. Z.3

Z. 6.2.4

Power Generation.

Three Bacon-type fuel. cell power plants in the service module gener-

ate the d~c power required for spacecraft systems. 'The fuel cell power

plants are activated prior to launch and operate continuously throughout

the _nission tuatil CSM separation.. Nornlally, fuel cell power plant 1 is

connected to n_ain d-c bt_s A, power plant 3 to main d-c bus B, and power

plant Z to both main d-c buses A and B. However, the capability is

provided to also connect fuel cell power plant 1 to main d-c bus B and fuel

cell power plant 3 to main d.-c bus A.

Each fuel cell is rated to produce Z9J-:Zvolts dc between 563 and

14Z0 watts of power. Two fuel cell power plants are c_pable of providing

the normal power requiremer_ts of all spacecraft systen_s, if two fuel cell

power plants malfmaction, some of the electrical components must be shut

do_,n to conserve power, and the re__aiuing power plant with battery

backup will supply sufficie_t power i:o carry •the load and insure successful

mission teras-,Jnation. One fuel cell with complete battery backup can pro-

vide m_ximtun_ power required by _ission burns, if the cryogenJcs are

available and fuel. cell temperature is above 4Z5°F.

Power Conver sior:.

Primary d-c power is converted into _-c power by solid-state

inverters. TJoe inverters provide I15-volt 400-cps 3-phase a-c power up

to 1Z50 volt-amperes each. The a-c power is connec{:ed to the two a-c

buses which s_.rpply power to a-c loads. Dtxri.ng nor,_al operation, one

invc:'ter v:'111 power both a.-c buses ,vh;_le the two remaining inverters e, ct

as redundant sources. For peal< loads, each a-c bus will be powered by a

separate inverter. In case of an a-c or d-c bus failure, the inverters and

remaining buses can be isolated. Inverter switching circuits prevent con-

necting two inverters on one bus, but simultaneous ope.ration of two

inverters is possible if each is connected to a separate bus. A phase

synchronizing trait provides in-phase power when a separate inverter is

powering each bus.

The battery charger is a secondary power conversion unit, which is

used to keep entry batteries charged. The charger is a solid-state device

converting a-c power frown the inverters and using d-c power from the fuel

cells to provide charging voltage.

Power Di sir ibution.

Distribution of prin%ary d-c power is acco_.plished by two redundant

d-c buses in the command module. Additional buses consist of two

separate nonessential buses for servicing nonessential loads, a battery

relay bus for power distribution switching, two battery buses, and a flight

and postlanSing bus to service certain communications a:.,_dthe postlanding

circuits. A-C power is distributed by two redm_dant a-c buses.

[
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NOT_S:
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Figure Zo6,_I. Electricai Powe:- _ System Block Di.agram

ELECTRICAl, POWER ,_3_.'I EM

!,A:,tor swbch con'_ac?s

close when main bus tie

swilche_ are :el lo bal

A&C and _-_:t B&C

2. _altery bus conlacts

remain closed on

manned S/C.

3. F/C I ca_ Le connected

to SM Bus B& F/C31o

SM Bus A.

4. DC Bus comml cbcult

breakers ore illustraled

in Figure 2.0-II,
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2.6.3.Z

reactant temperature. With design pressures in the tanks, single-phase

reactant is available independent of downstream system transfer.

The manuai mode of operation simply bypasses the pressure switches.

It can be used in case of control failure or when operating with quantity

unbalanced,depletion. To avoid excessive temperatures, a thermal sensi-

tive interlock device !s in series with each heater element in the O Z and

H Z tanks. These open the l_eater circuit6 when internal, temperatures
reach 80°F and close when te_m_peratures decrease to 70°F. Tank

pressures and quantities are n_onitored on meters located on MDC-13.

O Z tank relief valves initially vent at 983 ps[z and reseat at 970 psi g_

H Z relief valves vent at Z73 psig and _eseaL at Z68 [_sig, The C&W system

wi]] alarm when oxygen pressurc_ in eitLer tank exceeds 950 psM, or goes

be]o\v 800 psLa. The hydroge_l systern alarn_s the C&W syste_za vJhen

pressure in either Lank exceeds Z70 psia, or goes below ZZ0 psia.

Individual tank _es_urcs, quantities, and reactant temperatures

are telerneterec] to MSFN,

Batteries.

A total of seven silver oxides-zinc storage batteries _,.reincorporated

in the EPS. Five of these batteries are located in the co/M lower equipment

bay, the other two in see Lot IV of the S/M.

Three entry batteries <A., B, and C) provlde the primary _ource of

sepa_ .... n during posd_ndh-,g u[_,e_at_o_s. _pov_er after fish& ..... _-_e, a_..d " [_h ior ""

/CSM separation, the entryLatteries provide a secondary source of power

while the fuel cells provide the prb_ary source. The entry batteries are

used for the fo!lowh_g purposes"

Provide C/M power after CSM separa'don

Supplement fuel cell power during peak load periods (SPS gimbal

motor operation)

Provide power during ern.ergency operations (failure of two fuel

cells)

o Provide power for EPS control circuitry (relays, indicators, etc.)

o Provide sequential logic.power

Provide power for recovery aids during post!anding phase

Batteries A and B can power pyro circuits upon selection.

The entry batteries can be recharged in fliglrh

l}
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MAJOR COM})ONENT/SUBSYS TEM DESCRIPTION.

Cryogenic Storage.

The cryogenic storage system (figure 2.6-Z) supplies oxygen a_nd

hydrogen reactants to the spacecraft. Hydrogen is supplied to the EPS

and oxygen is supplied to both EIoS andECS. The design hmctfons of the

two storage systems are identical. The physical data for the cryogenic

storage system is given in the following list.

q

!i

:ii_i

!<_iI
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ii
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Tank

Numb e r

LO 12

XTA 0006

LH Z3

L}I 25

Wt of UsAble

C r yog eni.c s

320 ib

320 Ib

28 Ib

28 ib

Flow Rate

at Min

dq/dm

0. 676 lb/hr

0.713 ib/hr

0.070 ib/hr

0.066 Ib/hr

Design

Storage

Press.

(psi_)"

900m35

900_35

245 (+15, -gO)

z45 (+15, -zo)

Min

Allowable

Operating

Pressure

150 psia

150 psia

!00 psi.a

100 psia

Approx

Tank Qtys

at Min Heater

& Fan Cycling

]31 to 82 Ibs

!31 to 82 Ibs

14.5 to 7.3 Ibs

14.5 to 7.3 Ibs

The autocratic control mode is designed to give a single-phase

reactant flow [n%o the F/C and ECS feediines at design pressures° This

control is achieved in effect by control.ling the heat transfer within the

system. The heat required to maintain constant pressure varies with

density. Fill density for oxygen is a little above 70 !bs/ft 3. As depletion

proceeds from" 70 ibs/ft 3, or I00 percent quantity, £o approxin_at_ly

Z8 ]bs/ft3, or 40 percent quantity, the cycling of the fans and heaters for

repressurizatiou will extend u_t_] they cycle least at quantities between

131 and 82 ibs. In the hydrogen system, least amount of heater and fan

cycling will occur At quantities between approximately ]4. 5 and 7.3 Ibs.

With the system in automatic operation, tank quantities should remain

within 15 pounds of each other for oxygen and within one poun d difference

for hydrogen, The pressure switches activating the heaters and fans are

in series. The oxygen switches activa[e when pressure drops to 865 psia

in both tanks. They deacI:ivate when pressure reaches 935 psia in one of

the tanks. Keeping the design, pressure per_nits depletion to follow

predictable tank densities and respective heat requirements.

When the systen_s reach the point Where the heater and fan cycling

is at a minir_um, the heat leak of the tank becomes sufficient to maintain

design pressures, provided flow is within rain dq/dm values as shown in

the preceding list. This realm of operation is referred to as being in the

,ninimurn dq/dm region. The _nlnimun% dq/dn% poin£ fox' oxygen is

23.5 Ibs/ft 3 at the nominal operating pressure of 900 psia. The value for'

hydrogen is 1.87 ibs/ft 3 at ZS0 psia. The heat required for densities less

than the above rises abruptly for both oxygen and hydrogen. The intrin.sit

flow output of the systems is a rnaxfmum At the point where _ainin_t:m heat

is required to _r{aintain pressure. The time-rate of arriving at the

minimum dq/dm point is dependent on load demands, tank pressure, and

[L
Liii....
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MOTOR SWITCH

H 2 TANK NO: I MOTOR SWIICH CONTACTS C) CONTACTS

_ #_0h _ __ -o,_, ;_o"i SAMEAS_;
L Y_J_C__Am3, I !_. fX o _ h JTANK NO.i

I-- - _ IIIY II¢AIT,_BILc I MOTOR

L--
-- SWITCH (Z)

__J -- l-, _J ' 2' ' "

_-- ----7---t i W ---J I I_-- AUTO

......... -/ ............. --_U i,,;"_-° I--II -K__TIq-_ --II._l ,_

IENICSY_'TEM H HEATrRS 1 I-- _._ _I_

, (MDC-221 AUTO I- i ii l II

j_.. _ _ "i---t--I_--t-- ...... _,A
_ 5Ao----- o--_ OFF l H2tlEATERS__, 'JILL _-_-

_-o,-7_--_ _ AUTO _ Iii ------<>

............ _J ........ _ I H 2 FANS -2

l_ L__[._---- I, AUTO

-N IC SYSTEM fl_ MEArERS -2 t:_7 I OFF _4 i--_--_
EATrRS _2"2 "_l;_w" _ /:r 'JI .......... ,-TG:" )

(_ DC-22) ..... t'_>Y L ,
__ _ulu Lu:;_ I" .... ----o, _B I

i'_ ..... I ,_ l--o_.l

, _ o _--*,-_oF,- %- ........ I 1

°-o_ - L_____$i+_
• e,-_

NOTE: I, PRESSURE AND MOTOR SWITCHES ARE

SHOWN IN LOW PRESSURE POSITION

2, TO OPERATE FANS AUTOMATICALLY, (FANS SWITCH

TO AUIO) HEATERS SV,flTCH(ES) MUST ALSO BE

POSiTiONED TO AUI'O

'_L_% X H2 FANS ------i

1 AUTO 2

ONll

I

OFF

SM-2A:635E

t_ Figure g.6-g, CryogenLc Storage Syste;:n Sheet 2 of Z)
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Each entry battery is mounted within a vented plastic case. The

battery cells arl _. individually encased in plastic containers which coptain

relief valves that open at 40_:I0 psig, venting pressure and hydrogen gas

into the battery case. F.ach battery case is vented overboard through a

manifold leading to a manually operated valve (BATTERY VENT VALVE),

which is connected to the ECS dump line. With the valve at its norm'al

position of VENT, the battery cases are vented overboard through the E'.CS

urine/water dump line. In a failure mode, this would prevent hydrogen

gas from entering the crew cornpartn-_ent_ With the battery vent valve

dosed, which would be the position after fracture of a battery case, the

possibility exists for pressure buildup tn the battery manifold due to ,

outgassing of the batteries. The vent valve will be opened at pressures

slightly below CM pressure and allow the built-up pressure to vent

overboard. Battery manifold pressure can be monitored using the auxiliary

DC VOLTS meter, located on panel ZOO in the RI-IFEB, and is telemetered.

The two pyrotechnic battc:ries supply power to initiate ordnance

devices in the S/C. The pyrotechnic batteries_ are isolated from the rest

of the EPS to prevent the high power surges in the pyrotechnic system fronq

affecting the EPS and to ensure source Dower when required. These

batteries shall not be recharged in flight. Fntrybattery A or !3 can be

used as a redundant source of power for initiating pyro circuits in the

respective A or B pyro system, if either pyro battery fails.

The two S/1_.4 jettison controller batteries, located in the S/M, supply

_ower to two jettison sequencers to sustain the S/M RCS retrofh'e, as well

as firing ',:he S/M posJ.tive roll RCS engines two seconds after CSM

separation. These batteries are isolated fron-_ the rest of the _PS and

cannot be recharged or monitored in flight.

Battery

Entry A, B, and C

(3)

Pyro A and B (2.)

Performance characteristics of each S/C battery are as follows:

Capacity

per

Battery

40-amp-hr s

(Z5 ampere

rate)

F_o_-7]

Cells

per

Batter_

Z0

Z075 amps

for 36

seconds

Open
Circuit

Voltage

(Max.)

37.8 vdc

(37. g vdc

in flight)

37.8 vdc

(37. 2 vdc

in flight)

Nominal

Voltage

Z9.0 vdc

(35 amps

] o ad)

23.0 vdc

(75 amps

_.O a(_)

Minimum

Voltage

Z7.0 vdc

(35 amps

toad)

Z0.0 vdc

(75 amps

load)

(3 5.0 vdc

open

circuit)

Ambfeni:

B atte r y

Temperatore

50 ° to II0°F

:60 ° to IIO°F

:i tELP2CTtllCAL POW]_gR SYS')71EM
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Battery

S/M jettison

contro].ler A and ]3

(z)

Capacity

per

Battery

'75 am p s

for 36

seconds

SYSTEMS DATA

Battery I Voltage

0 37.8 vdc Z3.0 v c

I ](not (75 amps

I Imeasur - load)

I lable i.n

I I °r y
L ...... J-t--e1--e.m--et rY---L_-

k,iini_num

Voltage

Ambient

:Battery

T en_p e r e.tur e

Z0.0 vdc

(75 amps

load)

Open

Circuit

Voltage

(Max.)

60 ° to I!O°F

.... J ....

NOTE "Pyro battery load voltage is not n_essurable due to the

extremely short time they power pyro']oads,

2.6.3°3 ]_'uel Cell Power IDlants_

Each fuel cell power plant consists of 31 single cells, connected in

series, and an accessory section. Each single cell generales approxi_

mately i volt. The accessory sectioll consists of a nitrogen pressurizatior_

system, an oxygen feed, a hydrogen, feed, a primary (hydrogen) loop, and

a secondary (glycol) loop (figure Z_6-3). The prin_ary and secondary loops

control the temperature within the fuel ce!i power plant° The prin_ary loop

also extracts potable water from the power plant for use by the crew. The

secondary loop radiates heat from the power plant into space through

radiators located on ff_e exterior of the S/M.

a _.).e n_..t±'ogen systen_ establishes a re*._._ en(-e pressure b., the _t,_el ce]i.

There is approximately 0.44 ]bs of iWZ contained in the nitrogen tank under

a pressure of 1500 psia. The nitrogen regulator reduces this pressure to

5Z psia, which is used to pressurize the glycol accumulator, the electrolyte

(KO!-l) in the cells, and as a reference pressure for the oxygen and

hydrogen regulators.

Oxygen, stored in a cryogenic state at a pressure of 900J:35 psia, is

supplied to the fuel cell power plants. Due to the low-flow rake, the

oxygen absorbs heat while flowiug through the lines, absorbs additional

heat in the preheater, flows to the oxygen regulator, and reaches the fuel

cell power plants in a gaseous forn_ at temperatures abo_e +100°F. The

regulator is designed to maintain a pressure differentia], of !0.5 psia above

the nitrogen press,are, supplying the oxygen to the fuel cell at a nominal

6Z.5 psia. The oxygen in the system is approximately 99.99 percent

pure. Over a period of time, the impurities accumulate in the reactant

compartment and decrease fuel cell efficiency. This is noted by a drop in

fuel cell performance. To e]irninate the impurities, the fuel cell is

purged. Normally a fuel cell will be purged evary Z4 hours; however,

the actual purge cycle will be determined by the predicted mission power

profile and the purity of the reactant as it is calculated to be after

E
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completiorl of S/C cryogenic tank fill. Time required for oxygen purge

is Z minutes for each power plant. Activating the O Z purge ,Jalve allows

an additional flow of up to 0.6 Ib per hr. An e_nergency purge can be

performed if steady state current output of a power plant decreases _y

approximately 3 asps. Power plant parameters (primarily voltage,

current, and skin temperature} n_ust be considered to determine if an

e_aergency purge is required.

Hydrogen, stored in a cryogenic state at a pressure of 2,45 (+15, -20),

psia and regulated down to a pressure of 60.5 psia, flows into the hydrogen"

regenerator loop, passing through an j.n-line heater and into the fuel cell.

The in-!ine heater is an auto_aatic device which aids the fuel cell power

plant ii_sustaining operstin_l tempe1_ature at low-power operating levels.

The hydrogen, or pri_w_ary regenerator loop, is used fox" fuel cell thernza]

control and permits water removal from the fuel. cell. The heat generated

by the reaction is tra_.._ferred to the saturated IIZ fluid. The hot, saturated

h.ydrogen is drawn into ",:hehydrogen exhaust line by the IzlZ purn.p. A sensor

in this line provides an input to an electronic switch which corltrols

activation of the H Z in-line heater_ Activation of this heater is accom-

plished automatically at a hydroge_ exhaust te_r_perature of 385±5°F,

supplying additional heat to hydrogen gas flowing to the fuel cell power

plant. The in-line heater is automatic.ally deactivated at a temperature

of 390±5°If. After passing the in--line heater sensor, the saturated

hydrogen flows to a sensor-controL'.ec, bypass valve. This valve controls

the a_ount of exhaust gas flowing throc_gh the PIZ regenerator. The sensor

c]o_es the bypass valve at 425°F, "allowing all exhaust g_s to flow throu9h

the regenerator. '.Vhi_ h_ts t_%e reh:trning hydrogen and sustains opera-

ring temperatu_e of the fuel cell. With the bypass valve in a full regenera-

tive position (temperatures 4Z5 ° or lower), if fuel cell power plant

ternperatdre continues to decrease, the in-line heater will be activated

to supply additional heat. If power plant tez:aperature is above 4Z5 ° the

sensor causes the bypass valve to open proportionately (fully open at

495°F) allowing exhaust gas to flow directly to the condenser. .,%.transfer

of heat from the hydrogen and steam to the glycol takes ]?lace [n the

condenser. The temperature of the hydrogen and steam is lowered to

between ]55 ° and 175°F, thus liquifying some of the water _apor. A sensor

in the condenser exhaust, controls a glycol regenerator bypass valve in

the glycol radiator return line which regulates the temperature of the

glycol. This, in turn, helps control fuel. cell temperature and maintah_s

the temperature of the condenser exhaust within the desired range of

155 ° to 175°]P. The liquid water and hydrogen then flows through a

centrifugal water separator pump which extracts the water and delivers

it to the ECS potable waler storage tank in the C/M. The amount of,.vate_

produced by each fuel cell is in direct relation to the reactants consumed

which [s _ela_eo to power output. (See figure Z 6-4.)
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Figure Z.6-4, Water Production Rate vs Pbwer O_.tput

The hydrogen pur_p circulates th_ ra___ai_;h_g _l[ghtly moist f!uid

through the "regenerator and back to the fuel cell. In order to maintab._

the desired ratio of water to KOH in the fuel cell., the condenser exhaust

ten-_perature is regulated at a level so that some n_oisture is left in the

returning hydrogen, as it flows back into the cell. 'i]_e hydrogen in the

cryogenic system is approximately 99.94 percent pure. H Z purge valve

activation allows an additional flow of up to 0, 75 ibs per hour, and will

normally be performed for a period of 80 seconds per power plant every

Z4 hours. The actual H Z purge cycle will also depend on the predicted

power profile and reactant purity as calculated after cryogenic tank fill.

The performance degradation participation by the H Z electrode is negli-

gible and cannot be seen with on-board .instrumentation (with normal

degradation). Lf degradation is suspected to remain after an e_ergency

O 2 purge, an H Z purge may be vearranted< There is some indication that

periodic H2 purging may be eliminated altogether, thereby only performing

the degradat£o_ purge whenever it may be required. Thirty rn:m.utes prior

to H Z purging, the H z PURGE LiNE HTR switch (MDC-15) is placed in the

up position to energize the H Z fuel cell vent line heater and preclude any

freezing of the moist exhaust gas in the vent line,

[

[

[

k

f

!
I

_i ELECTRICAL POWER SYSTEM

j " Miss ion Basic Date_.l_oo__Lj___Change Dat% T_a_:_.__>_ ,_2-,_:_-_ ...... I



-i

SMZA-03-SC0] 2

APOLLO OPERATIONS HAND]3OOK

SYSTEMS DATA

. •,)!

<!
_::]

!

J

:!

;i

.!,',,

<i
i:i

/i:i?!
:?:i:i_

/!!

• _i1

g

!ili

i!

L,{-]

G

l'!:i
3

Z.6.3.4

The secondary loop contains a 62. 5 to 37.5 mixture of ethylene

glycol and water, respectively. This loop serves to preheat the reactants

and to transport waste heat to the space radiators. An accumulator,

pressurized by the nitrogen, pressurizes the glycol loop and also acts as

a buffer for the expansion and contraction of the coolant as it varies in

temperature. Giyco] flow through the regenerator is controlled by a

bypass valve which operates ir_ conjunction with the condenser e-:haust

ser/sor. When the condenser exha_zst is at 155°F, the glycol is routed

through the regenerator to increase glycol temperature and effect n_ini--

mum heat transfer' in the conde-_ser. The glycol Bypass valve is complete]}[

open at a condenser exhaust temperature of 175°F, routing the glycol !

thx'ough the pum.p to the condenser aPd on to £he oxygen and hydrogen pre-

heaters. Since the glycol temperature is lower, a n_axhnu-.n_ transfer of

],eat in the condenser lowers the conder, ser exhau.qt tep::i)erature. The

tel-z!per a _L_ mconde_ser exhaust temperature sensor regulates coolant " " ' , ....

which affects the amount of water removed frora the. porter plant. The

155 ° to 17501 ;` operatir_] range will ]_est l_aintain the desired ratio of

water to KOi-I in the fuel c<-:1]..

A 400-cps 3-phase a-c gear pump maintains glycol flow at the rate

of 35 to 80 Ibs per hour, raising the pressure 6 psi. After the oxygen and

hydrogen preheaters, the o_.,._!vcol-is louted through the glycol regenerator

and to the space radiators, where heat is radiated into the space

env ironm ent.

Each fuel cell contains electrolyte (KOIt) which consists by weight

of 83 pe_cc.<t potassium hydroxide" and i7 percent water on initia] f_x:,

a_d has a critical temr_eratureof 300°F (figure Zo6-5). The electrolyte

remains a solid to an approxinsate temperature of ZZ0°F; wid-_ a tempera-

ture increase to 300°]_, the electrolyte beco-nes a liquid and the fuel. ceii

electrochemical reaction he.comes effective. Bringing the fuel cell to

critical temperate.re is a;ccomplished using GSE, and cannot be performed

from S/C power sources. Placing a load on the power plant will maintain

it above .thi.s critical temperature.

Inverters ....

Each inverter (figure 2.6-6) is connposed of a clock oscillator, an

eight-stage digital countdown sectior', a d-c line filter, two silicon-

controlled rectifiers, a magnetic amplifier, a buck-boost araplKier, a

demodulator, two d-c filters, an eight-stage power inversion section,

a harmdnic neutralization transformer, an a-c outrut filter, current

sensing transformers, a Zener diode reference bridge, a low-voltage

control, and an overeurrent trip circuit. The inverter normally uses a

6.4-kc square wave synchronizing signal from th::: central timing equip-

ment (CTE) which maintains inverter output at 400±g cps_ If t:his extcrna]

signal is completely lost, the oscillator within the inverter will provide

pulses that will maintain inve_'ter output wi[hin :':'7 cps. The internal

p<v_!?!

i '
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2. Critical temperature (300°F) of elechoipe at which

electrc_chemlcal r_-_ctio_ b_gln_, on initial start-up

of fuel cell.

Figure Z.6+5. KOH }IzO Phase Diagram

SM-2A-80_

oscillator is normally synchronized by the external pulse which is

provided through the phase synchronizing unit. The phase synchronizer

will provide these l-ulses to the inverter after a maximum of two seconds°

The following paragraphs describe the function of the various stages of the

inverter.

The 6.4-ke negative square wave provided by the central timing [

equipment is applied through the phase synchroni.ze]" and. the oscillator

to the eight-stage digital countdown section,. The oscillator has two

divider circuits which provide a I600-pps signal to the rna.gnetic amplifier _!

and two silicon-controlled rectffiers,

The eight- stage digital countdown section USeR the 6.4-kc square

wave signal to produce a series of eight 400-cycle square waves, each [

mutually displaced one pulse th'ne from the preceding and following wave.

Once pulse time is 156 microseconds and represents 22.5 electrical

degrees. This series of square waves is applied to the eight-stage power

inversion section.. I,
i,:

The eight- _"o_age power inversio_ section, using a controlbzd voltage

from the buck-boost amplifier, amplifies the series of 400-cycle square. _

waves produced by the eight-stage digital countdown section. The arnpli- _:_.

lied square waves, still mutually displaced 2Z.5 electrical degrees, are

applied to the harmonic neu'_ralization transformer, which is described in g

a subseauent parac_raph. !'
L
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D-C power to the inverter is supplied from the r.oai.n d-c buses

through the d-c line filter. This filter reduces the high frequency ripple

in the input, and the Z5 to 30 vdc is applied to the s[licon-controller recti-

_]. .fiers and buck-boost amg..lfler.

The s_licon-control]ed rectifiers, using the filtered d-c power and

the 1600-pps signal from the clock oscillator, produce a d-c square wave

with an on-time of greater than 90 degrees from each rectifier. This is

filtered and supplied to the buck--boost amplifier wh.ere it is coupled 'wi:th

the amplified 1600-pps output of the magnetic amplilier to develop a

filtered 35 volts dc which is used for amplification in the power inversion

stages,

The buck-boost amplifier, using tt_e !600-pps signal from t]_e mag-

netic .amplifier, the filtered d-c power from the =_aJn duc buses, and an

error signal feedback from the Zener diode reference bridge, provides a

variable bias voltage to the eight-stage power inver:sion section, The

amplitude of 1his voltage is controlled by the amplitude and phase of the

fee_tback signal from the Zener diode reference bridge, This bias signal

is varied by the error signal to regulate inver{:er vo].tage and current

output.

The demodulator compensates for any low-,frequency ripple in the d-c

input to the inverter. The high.-frequency ripple is attenuated by d-_e

fi]ters. The de_._qodu].ator senses the 35-vo¢_ d-c outptl* of the buck--boost

amplifJ.er al)d the current input to the buck-boost ar_plifier, it co_]:,-.

pensates for ripple in the i0- r.o i000-.cps range. A.n ir_.putvoltage drop

or increase will be reflected in a_ drop or in.crea.'_e i1:tthe 35-volt d.-c

output of the buck-boost an]plifier as well as -7.drop or increase in current

input to the buck-boost an._pl[fJer. A saD.seal decrease in the buck-boost

an]p]ifier vo].t&ge output would be cofnpensa.ted for a c]ernodulator output,

transformer coupled, to the silicon-.coDtrolled rectifiers, causing them to

conduct fol a longer tinne, thus increasing their fJ.tered output. A sensed

increase in buck-boost azY_p]i.fiervoltage output, caused by an increase in

the d-c input to the inverter, would cause the demodu].aJ;oz to produce a

signal causing the si.].icorJ--controlled rectifiers to conduct for shorter

periods, producing a lower filtered out'put to the buck-.boost a.rnplifier.

In thi.s fashion, the 35-volt d-c input to the power inversion section is

maintained at a relatively constant ].eve].,

The low-voltage control sam.pies the input voltage to the ir_verter and

can terminate inverter operation. Since the buck-boost g,m.pli.fie_" provides

a. boost action during a decrease in input voltage to the inverter, _.n an

attempt to maintain a consta_Jt 35 volts de to the power inversion section,

the high boost required during a low-voltage input would tend _o overheat

the buck-boos_: amp].ifier. As a precaution:._-ry measure, i-he lowo. voii-age

control will. terminate inverter operation by disconnect}.ng operating

voltage to the magnetic _mqplifier and a power inversion stage when input

voltage decreases to between 16 and 19 volts de.
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' ]'he harmonic neutralization section, using the 400-cycle, square-

wave output of the eight-stage power inversion section, transforms it into

a 3'-phase 400-cycle llb--:,olt sine wave signs.I. The manner in which these

transformers are wound produces flux cancellation which eliminates all

harmonics up to and including the fifteenth of the fundamental frequency.

The gg. 5 electrical degree displacement of the square wave provides a

means of electrically rotating the square wave excited primary windings

around the 3.-phase, wye-connecte.d, secondary windings, thus producing

the 3'-pli.ase 400-cycle sine wave output. This ll5-volt signal is then

applied to the a-c output filter.

' The a--c outpu_ filter elin;inates the remaining higl_er harmonics.

SinCe the: lower harmonics were elinzJ.nated by tbe harmonic neutralization

section, the size and weight of this output filter was reduced. Circuitry

in this filter a]so produces a recified signal which is applied to the Zener
OI lh?_ 1 S adiode reference bridge. The amplitude" " ' "- signal is function of the

amplitude of a-.c output voltage. After fiitering, the 3-phase ll5-volt

a-c 400-cycle sine wave is appiied 1:o the a-c buses through current-

sensing transformers.

The current--sensing transformer section p_:oduces a rectified

signal, the ampli¢ude of which is in direct function of inverter output

current magnitude. This d-c si.gr_al is app].ied to the Zener diode zefer-.

ence bridge to regulate inverter current.output. It is also applied to an

overcurrcnt trip circuit.

-The Zener diode reference bridge receives a _-ectifi.<_d d-c signal,

• r,-.pr_:senting voltage output, from thc circuitry in the ,a--c outp.ut filter.

A variance in voltage output unbal.ances the bridge providing an error

signal of proper polarity and magni.tude to the buck--boost amplifier via

the magnetic arnplifier. When inverter current output reaches ZOO to 2.50

percent of rated current, the rectified signal applied to th;_ bridge from lhe

current sensing transforn_ers is of sufficient rnagnitude to provide an

error signs! and cause, the buck-boost arnplifier to operate in the same

manner as during an overvoltage condition. The bias output, of ti_e buck-

boost amplifier, Being controlled By the error signal, witl be varied 1:o

correct for any variation in inverter voltage o.r current output. When

inverter currer/t outF, ut reaches Z50 percent of rated current, the o-,er-

current trip circuit is activated. .: ",. ,

The overcurrent trip circuit monitors a rectified d-c signal repr;_. -

senting current output. When tota! inverter current output exceeds

ZS0 percent of rated curzent, this circuit will effect an inverter dis-

connect in [5:k5 seconds. If current output of any single pha_;e exceeds

300 percent of rated current, this circuit will effecl an inverter disconnect

in 5-_=1 second. -. "
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A phase synchronizer unit (PSU}, located in the RHEB (panel Z08),

establishes inverter outputs so they are in phase when using a separate

inverter on each of the two a-c buses. The txvo inverter configuration is

prevelant during delta V's as a safety precaution in case of a single failure

in thrust vector control, .,

The use of two inverters during delta V's retains redundancy in the

stabilization and control subsystem, since power through a-c bvs I is used

for auton:atic thrust vector control and power through a-c bus Z is used for

manual thrust vector control°

Central timing equipment (CTI£) trigger pulses, used for inverter

operation, are supplied to the inverters through %i:e PSUo The PSU

samples _,_Bfrom each inverter output, and when an in-phase reh_.tionship

is established, supplies the 6400-cps CT_ t_'igger pulse to the inverters

being used. The @B input also supplies pov,,er for PSU circuigry.

The in--phase relationship is acquired by initially providh?.g oul.-of-

phase trigger_ pulses (6080 to 6400 cps) until the two inverters are

synchronized, at vthieh tin:e, the C'F]_] signal is coupled to the inverters.

Phase lock, with a n_axirntm: displacement of*f0 degrees, is acquired _.n

a n_axlmum of two seconds.

The synchronizer provides this function for any combination of pairs

of the th:ee available inverters. A two-posltion toggle switch on the PSU,

when positioned to O!FF, allows for direct input of CT}!" signals to the

inverters i_ the event of failure of the synchronizer unit. However, in

this situatlon_ the in-phase relationship would not be realized.

A temperature sensor with a range of +32 ° tc +248°I p is h_sta]led

ineach inverter to provide MSFN %he capability of rnoni_oring inverter

temperature. It also provides an input to the C&V_rS which will illumine

a light at an inverter overttmperature of ZZ6°F,

Battery Charger,

A consta_t voltage, solid-state battery charger (figure Z.6-7),

located in the C/M lower equipment bay, is incorporated into the EPS.

The b_ttery charger selector switch (MDC.-18) contro].s power .:.:?.put _o

the cha:'ger, as well as connecting the charger output to the selected

battery (figure 2.6-11.). When the _ATTIgRY C_iARGER selector switch

is positioned to entry battery A, ]3, or C_ a relay (K4) is activated,

cmr, p!eting circuits frorn a-c and d-.c power sources to the hatger y

charger. Also, the battery cha:'ger output is com?ecte, d _o the selected

battery to be charged through the iviAIN BUS TIE switches (IviDC-Z2).

Positioning the MAIN BUS TIE switch (A&C or )3&C) to O)FF, for the

selected batteries, will discormect main bus loads from the ha:Aeries

and also complete the circuit from the charger to the battery° Only o:)e.

battery can be charged ai:a tin:e.

L4i_ion ...........
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Figure Z.6-7. Battery Charger Block Diagra:m

The battery charger uses Z5 to 30 volts dc from the main d-c buses

and 115 volts 400-cps, 3-phase ac from either of the a-c buses. All 1:hree

phases of ac are used to boost the Z5 to 30-volt d-c input to produce

40 volts dc for charging. In addition, phase A of the ac is used to supply

power for the rest of the charger circuitry. ']?helogic network in the

charger, which consists of a two-stage differential amplifi.er (comp+:_rator),

a two-stage Schmitt trigger, a current sensing resistor, and a voltage

a_p]ifier will set up the initial condition for operation. The first stage

of the comparator is in the on re.ode, with the second stage in the off mode,

placing the Schn'_[tt trigger first sta[_e in the on +_.odc with the second

stage off. %7his condition provides m, axin:_um base drive to the current

amplifier which turns the switching transistor to the on mode. "WH:h the

switching transistor on, current flows fro+"n the tra.nsfor_r_er rec:t[fie++"

through the switching transistor, current sensing reslstor, and switch

!!<7

+i:J
h: ::

t

/i
::j

+
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choke to the battery being charged. As current flow increases, the voltage

drop across the sensing resistor increases. The voltage across the

sensing resistor builds to a level which turns the first stage of the com-

parator to the off mode and the second stage to the on mode. This condi-
tion turns off the voltage amplifier which reverses the operation of the

Schmitt trigger to first stage off and second stage on. This places the
current amplifier off, which turns off the switching transistor. The

switching transistor in the off mode wi]l stop current flow from the power

source, causing the field in the choke to continue collapsing and discharging

into the battery through the switching diode and the current sensing resis-
tor. As the EMF in the choke decreases, the current through the sensing

resistor decreases, reducing the voltage drop across the resistor. At

some point, the decrease in voltage drop across the sensing resistor,

reverses the operation of the cornparator circuit, setting up the initial
condition and completing one cycle of operation. The output load current,

due to the action of the choke, remains relatively constant except for the

small variation through the smlsing resistor. This variation is required

to switch the switching transistor and Schmitt trigger through the action

of the comparator.

Battery charger output is regulated by the sensing resistor until the

battery voltage reaches approximately 36 volts. At this time, the voltage
control network is activated and, in conjunction with the sensing resistor,

provides a sign.al for cycling the battery charger_ As the battery voltage
increases, the internal impedance of %he battery increases, decreasiltg

current flow from the charger. At 39 volts, the battery is fully charged

and current flow becomes negligible. (See figure Z.6-8.) Battery charger

disconnect will be effected at a curre,__t output qf approximately 0.6 annps.

0.5 1.O 1.5 2.0

BA1TERYCHARG[ROUTPUT(AMPE_,ES)

Figure 2.6.°8. Battery Charging Rate Chart
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Battery input will be monitored b_:' 1Mo_. N through the normal, battery

teien_etry measurements.

Power Distribution.

D-G and a-c power distribution to components of the EPS is pro-

vided by two redundant buses in each system. A single-point ground on

the spacecraft structu"e is used to eliminate ground loop effects. Sen.sing_

and control circuits are provided for monitoring and protection of each bus

sy stem.

Distribution of d-c power (figure Z. 6-9) is accomplished with a two-

wire systen] and _tseries of interconr_ected buses individual switches,

circuit breakers, and isolation diodes. The buses cor_sist of the following:

Two redundar{t n-_ain d-c buses (A and B) powered by t_{e three fuel

cells and/or entcy batteries A, B, and C.

o Two battery buses (A and B) each po_<ered by its respective entry

batte_ry A and B.
f_]

o Flig_t and postlanding bus, powered through the naain d-c buses,

and/or the three entry batteries, A, B, and C.

Two nonessential buses, powered through either d-.c main bus A or _.

D_@_ leso Battery relay bus, powered by entry ........ " A and B through

individua? battery buse_,

e Pyro buses, which are isolated fro_ the main electrical power

system when powered by the pyro batte_'ies. A capability is pro-

vided to connect entry battery A or B to the respective A. or E. pyro

•system in case of loss of a pyro battery.

e S/M jettison controllers, powered by S/M jettison c_n_rol!er

batteries, which are completely isolated from [he main electrical

power system.

PoWer from the fuel celt power plants is connected to the main d-c

buses through six motor switches (part of overload/reverse current cir-

cuits in the S/M which are controlled by switches in the C/M located on

MDC-18. Fuel ceil power can be connected to either or both of the main

d-c buses. Six event indicators show when fuel cell output is connected.

When an overload condition occurs, the overload-reverse current sensing

circuits automatically disconnect _he fuel cell power plants from the

overloaded bus and provide visual disp!ays for isolation of the trouble.

A reverse current condFcion will disconnect the malfunctioning power plan_

from the d-(: system. D-C undervoltage sensing circuits (figure 2. 6-10)

are also provided to indicate bus low voltage conditions. If voltage drops

Mi s s ion
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below 26.25 volts dc, an applicable d-c undervoltage light on the caution

and warning pane]. (MDC-II) will illuminate. Since each bus is capable of

handling all EPS loads, an undervoltage condition should not occur except

in an isolated instance, if too many electrical units are placed on the bus

simultaneously or if a malfunction exists in the EPS. A voltmeter, on

MDC-18, is provided to mnonitor bus voltage. An an_meter is provided on

MDC-18 to monitor current output of fuel cells l, Z, 3, batteries A, B,

C, and the battery charger. During extreme power loads or emergencies,

power to the main d-c buses can be supplied from entry batteries A and IB

by way of battery buses and directly from battery C (figure Z.6-11). Each

ba_tery bus is separated physically into tyro parts (e.g., battery bus A is

A-I and A-Z), b_t ren_ain connected electrically by motor switch contacts

which are not opened on manned S/C. A switch to two nonessential buses

permits isolating nonesse_tial equipment during a shortage of power (two

fuel cell povcer plants out). The postianding bus supplies power to some of

the telecom_nmications equipment, float hag No_ I and No. 3 coni:rols, and

the ECS postlanding vent control. In fli.ght and up to CSM separation, the

postlanding bus receives power frora the fuel cells and/or entry batteries

through the main d-c buses. After CSM separation, the entry batteries

supply power to the postlanding bus through the main d-<: buses or directly

through individual circuit breakers. Motor switch contacts which close

when the MAIN BUS TIE switches are positioned ON, complete the circuit

between the entry batteries and. the main d-c buses and open the connection

from the battery charger. The battery relay bus provides d-c pov,er to the

d-c and a-c sensing umits, and the fuel cell and inverter control circuits.

The pyrotechnic batteries supply power to initiate ordnance devices for

separation of the LES, forward heat shield, S/M froi_n C/M, and for

deployment of the drogue and main parachutes during a pad abort, high-

altitude abort, or normal mission, progression. The S/M jettison con-

troller batteries, supply power through the S/M jet'dson controllers for

the CSM separation maneuver. To operate recovery communications and

other aids after landing, power is provided by the entr F]_atteries through

three circuit breakers (figure Z. 6-II} wl_ich are normally open until just

prior to CSM separation.

Distribution of a--c power (figure Z. 6-12) is accomplished with a four-

wire system via two redundant buses, a-c bus No. i and a--c bus No. Z.

The a-c neutral bus i.sconnected to the single-point gro,znd. A-C power is

provided by the solid-state ll5/Z00-volt 400-cps 3-phase inverters. D-C

power is routed to the inverters through the main d-_c buses_ Inverter

No. 1 can be powered through d-c main bus A_ inverter No. Z through

d-c main bus B, and inverter No. 3 through either d-c main bus A or B by

switch selection. Each of these circuits has a separate circuit breaker

and a power control raotor switch. Switches for applying power to th_

motor switches are located on MDC-18. All three [nverters are identical

and are provided with overtemperature circuitry. A light i_dicato._, i_i

the caution/warning group on MDC-.II, illuminates to indicate an over-

temperatu.re situation, Inverter operating temperature is telemetered

L
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YB

_.USB

OSTLANDING BUS

(B&C) SW!ICH

IGER SELECTOR SWITCH

NO, 2 UPRIGHTING SYSIEM _SEQ B)

_Q B)

_DS ABORT ENABLE (SEO B)

: SEQ CONI-

TB

,ESC LOGIC (SEO _)

INDICATORS SW (_.T _)

-_ _,)

3

_IMDAL CONTROL - YAW

._IM_AL CONTROL - PITCH

V BUS

I DC VOLI:_GE '_

I
Ei0

k-2

i-2

SELECT SW - FUEL CELl NO. I

i SELEC[ SW- FUEL CELL NO. 2

iSELEC_SW-FUELCELLNO._- _:.$i_

i DC VCLTAGE

FUELCELENO' g_--I

UIOFE VALVES - FUEl. CELL NO. 2

UIOEF VALVES _ EUEL CELL NO. 3

LTAGE SEb_S]NG UNIT - MN BUS A

LI"AGE SENSING UNIT - MN BUS B

• I CONTROL (DC &AC BUS l)
• 3 CONIROL (AC BUS 2)

•. 2 CONTROL (DC &AC I_USI)
• I CONiROL (AC BUS 2)

• 3 CONTROL (DC & AC BUS I)
• 2 CONTROL (/kC [_UC 2)
)ERVOLTAGE & OVERLOAD SENSING UNIT (3US 1)

}ERVOLTAG_ & OVERLOAD SEI'_II-IG UN_Y (BUS 2)

C BATTERY A

-q-----_ SEQUENCE R A

C BATIERY B

_ SEQUENCER B

_'-_ RCS FUEL DUMPF2_ DC INDIC_TR)RS SV¢

"-P_""_ (PYP.O_T B_

F_
,:!?ii,_-_0co_oT-FUELCEL_NO,
_:---[!iil _s _ DC OUTFUT - EUEL CELL NO. 2

"_,_v[i_]_'_h-- DC OU'.I'Ur- F''_LCELL NO. 3 '

• :_[_----_cm pc ",AIn BUS_:

--,._ SPS GIMBAL MOTOi_ (PRIMARY YAW)

_;_!!_r_i--' DC OUTPUf- FUEL CELL NO.l

I ] }!_,,_-_--DC OUTPUT - FUEL CRLI. NO. 2

[]uh

[!,_!!

lii_i ::_ ....... _STS GIMSA. MOT-•R (,_UX PIt ....

.£._-'O C._"---_)- SFS GII,'.[V_LMOT3._ (/.O:<yAW)

l S/RA JETIISON

P COI_EI_OLI ER _,_" S/M JE1 flSON COI,_T_DLL_R A

_ BATEERYA _

[!'<_i,,-_4_ iqON EESE_-_TI/.LI,_IS1R

N"

[ilj I---_ VOICE _ECORDER

_i_i_,_, DC MAIN BUS A OR B

_1_,_ SPEC}A[ QUIP g, .Y NO,

_ _ E _LEu,__
',_[ ""-'_ SP CL, Q . BAY NO. 2

_if_----C_ SPECIAL EQUIP. HATCH

BATTERY B

On n-onr,ed S/C, contocl_ remain clo_,ed

SM-2A-6340
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_ U,TTER*B,SB-'
ENTRVBA..¥C

': _ CM DC MAIN g_A

,_-_ CM DC .',_IN BUS E,

l _ BLOAT BAG NO. 1 CONTROL

i: _ i'-'_ _ FLOAT BAG NO. 3 CONTROL

b._ POSTLANDING ECS BLOWER CONTROl.

i i'T¢- UP VOICE_UP DATA D:SC

iii!i,:i .L_-V.E,'..1E..,.AS',,.C.

}1}. _b_ S-_ND r_NRAMPL ?WE RELAY

I_i;_"_'! _'-_--SIGNAL CC, NDITIONER

_, ,_ _%_ TV _MEP_!]2-h
_!TB --_:- C-BAND XPONDER POWER RELAY

_[_ _ DATA STOP_GE EQUIPMENT

}::!::i:_ _ PREMODU_TION _OCESSOR

_ii :i -->AUdiOCENTER-"_V
_:] _ MIC AMPL - NAY & COMDP,

::" !! ,.b'- VHF-AM TRANSMITTER RECEIVER

: :_ _,_ _:tlDIO CENTER - ENGR

; : _- ENTRY BATTERY A

Ii>__._:L_....._¢. FLIGH f AND POSTLANDING BUS

[{_ _lhl BUS TIE (ARC} SWITCH

_ ._'_ _AHERY CHARGER SELECT( R SWITCH

" :_-_ SECONDARY (

I:!IilIiiii--+._CO.D,'.RY,
E:k-- BATTERYR,' "

:;_ ..... BAITERY bUS ,_

: _ MN _US A • B

I:; _ EIJEL CELL I--

I;:ii t._,.o_,'A_V

i'i> ji_---,-_I_ '_EACT,\I;TS

REACTA.'S.
[);"'!i_.--_ pC UN[,ERVOI

_i ._._---_ DC UNDE_VO!

: :}'_ INVERTER NO
, '_ -_ INVERTEE 1"40

: ::_ '_ INVERTER qO

l ._t-.._._-_/.C OVER-IIN[
':::::: _"----,. AC OVER'-UH[

ii_.;_ COMPRESSOR NO. I UPRI_HTING SYSTEM (SEQ A)

!_-ii _ _ BLOAT BAG NO. 2 CONTL (SEQ A)

', :;._ MESCARM& _ 3[I S_QA (LEEI_',_)
i E SA,,OR,ENA,,., SEOA,  75!
j MASIER EVENT SEQ CONT-- --_ 1_;_ ..... 20ADC VOLTAGE _;

_,_ _ LOGIC -- BATA J_'_O'_ _ l BATATOPYBO

,4 _. 13A i1
_,9 _.,,..,t;_ DC INDICATO_,S SW (_SATA) _/_5 VD_ EAT A EWR, _ N O

fl_]---_.- EDS-BDSNO._

_ _ _*---_-_b- PRIMARY GIMBAL CONTROL-YAW

--'--_N'PRIMARY G!MBAL CONTROL-PITCH

_ ,_--_,{_ BATTERY PELAy BUS

(LEB 150)

_- .... PYRO/ECHNU

,{_Si!!SEOE(tEE_o1
I_oi! .-\

_, g_.TB TO pYRO
BUS TIE (IEB 1501

BAT _ PWR _'_. N.O,

(LEE 150) 20A

Figure 2.6-9.
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to the MSFN, Inverter output is routed through a series of control motor

switches to thea-c buses. Six switches on MDC-18 control motor

switches which operate contacts to cormect or disconnect the inverters

fron_ the a-c buses. The motor switches are designed to prevent con--

necting two inverters to [he sanze a-c bus at the same time. AC loads

are powered through the redundant a-c buses. In some instances, one

phase is uaed for operation of equipment; h: others two, and in others all

three. Over-undervoltage and overload sensing circuits (figure 2.6-II)

are provided for each bus. A-.C bus vo]tage fail and over]oad lights in the

caution/warning group on MDC-II provide a visual indfcation of these

malfunctions. Monitoring of voltage and frequency of each phase on each

bus is accomplished by select:i.on with the AC INDICATORS switch,

Readings are displayed on sep_.rate AC ¥OI/TS and FREQUENCY m.eters

located on MDC-18, Each phase voltage and f}.A frequency is telemetered

to MSFN stations.

PERFORMANCE AND DESIGN DATA.

AC and DC Data,

AC and DC performance and design data for the EPS is as follows:

AC

Phases 3

Dlsplacement t20_: Z degrees

Steady-- state voltage 115±2, vac (average of 3 phases)

Transient voltage 11.5 (+35, -65) Vac

Recovery To l15±i. 0v within 15 rns, steady

state within 50 ms

Unbalance g vac (worst phase from average)

Frequency li_it s

Normal (synchronized to

central tin_ng equipn_ent)

400±2 c,_s

Emergency (loss of central.

timing equiprr_ent)

400_-7 cps

Wave characteristics (sine wave)

Maximu_m distortion 5 percent

Highest harmonic 4 percent

Crest factor t.414_10 percent

Rating 1.250 va

ELECTRIC :5.L POWER SYSTEM

" Mission Basic Date !Z.l_cff_!9]_;6 .... Chano, e Date ............ Page 2.6-30
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DC SNSE

©
S5

N.O,

.®
$4

N.O.

NOTES: |. Normally open relay contacts, located

in RCS Control Box, cloe dL'rlng an

abort cr norme! separation o[ CSM.

2. PosHanding circuit b_eokers /3) open until

just prior t_ normal CSM separation

3. Motor switch contacls opercte when

MAIN BUS TIE switches ¢]le sel to BAT A

& C and BAT B & C p:_sHions.

4, Tl,ese contacts :emMn closed o.

me.ned S/C.

:get e:nd C:M D-C Bus Con£rc;1 Ci.rcuits

SM-2A-802F
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IOOA
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TE;MP
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t"_I'; -_ '_ tb _........... =_-

E 2T: t" MAIN BUS 1 I_ _ /_,_N LU. _ I | | MAibl [,LIS 1 ; i AC

I "{', _,O,/_s0 vac/ \o/+Iso w,,C# \o/+Ia0 Va_. \*a ....... c ,e

i i
_.: _ _ PUMP MOTORS - FUEL CELL ]

i# BENSOR<,' ,

_ol
l_z I'_T _,'_ PUM_MOTORS- FU_LCELLa

_l L_.'_ pH S'_NSOR ((iA)

_.__, _-,.,._-¢'._- CRYOGENIC FUEL QTYAMPL I (J_C)

l i]-_4_" CRYOGENIC FAN MOTORS - SYS I

. _ ,,,,
_: '}_ _ BATTERY CHARGER

kiii:i)_..._ TEEECO_._MUN,c.vr,oNS
F?::.L!

I :i'-_" EcBG,_YCOLPUM,"

f : _ . - ECS SU T COMPRESSO,

_ .__..- EcsCAB,NREC,_C."rEMPCONTROL
I _ ANOWASTE,,_or_.LOWER!i
i i_--_ ECS SPACE P,AD ISOL_'.TION t, ND VENT

' ii VALVE (,@A AND B)

i ,! _ STAB AND CO T S "$ GROUP

1
;_" , .._" STAB,AND CONT SYS - GROUP. 2

]

: ii

! ....

71i!<_ ,.<_RTERNO.."
[:_ ,a AC BNSR

}ONLY ONE INV_ZTER

CAN POWER BUS AT

ANY ONE TIME

s o-^c

i ¸ _ I \_m

[ _ _ _'8 AC SENSE UNIi

I !.----_ i'm'............... f°'_" 7"AN__,c

ii!X. 5
_:"_i[±5o._o_,,,x"'" i'U_o
! ! M_IN 6"JS 2 MAIN BUS 2

/_._t 'PTg,',s[^ ] t P./-77{'*, j
; t R.A_EC] " R.ASE,_

r_%',7;,c

j i 5

I__:: ;_,_--¢=_b_-PUMP MOTORS - FUEL CELL ]

:_ >._t:'> pl-; SENSOR (5(A)

I:; ]{°'"_'I_._!"_Pt'MP MOTORS - FUZ L CELL2_,"'-i}C;e'Z_ ia,_,,-_.._._FHpLIMpSEN'-.ORM,OTORs(_A).FUEL CEEL a

i _. '_"_'t N _ CRYOGENIC FUEL QTY AMPL 2 (BC)

• J _- CRYOGENIC FAN MOTORS - SYS 2

!:i
! :.:i: :_--_--"-_" TELECOMMUNICATIONS

liii:i_-.-_ EcsGLYCOLPU_"P

'r::i : i._--'-'g_ ECS SUIT COMPg.ESSOR

!! !-.._ E_CA'_,NREC,R__CO.TA.o

_'_-_ ECS SPACE PAD ISOLATION AND: ] VENT VALVE (_i>, AND C)

; _ _ SIAB. AND CONT SYS - GROUP 1

[: J.
I _="_''_'_ STAB. AND CONT SYS - GROUP 2

I !---_. sPso_.uo,.o(_c)

t : :::_"b" LIGHTING { G*..,N SIO COND (,_JB)

{!2<:_

NOT_: Unless _th_:r_*se

noted, =11 e-c

Imwer.

Figure 2.6-1Z. A-C I'ower D_stribution

_ i_i?i

i::iii,,,i.....
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SMZA-03-SC01Z

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA.

I

i,i!

•.i1
<ii'J
<:_!,!

• iI

!

J

}

!

:::?_

$ ,').

:!

0.4.2

DC

Steady-state voltage lhnits

Normal Z9±Z.0 vdc

During postlanding and

preflight checkout periods Z7 to 30 vdc

Ripple voltage iv p-p

Power Requirements.

Un [ t

FUEl, CELLS

Hydrogen pump

Glycol pump

pH indicator

Power factor

correction for

above [terns

Total

including pf
co r r ection

Pressure

transducers

H 2 flowmeter
circuits

,-pc follows:Pov,,e: requirements for the E_,_, are as

Control

FUEL CELL PUMP-I, -Z,

and -3 sw (MDC-ZZ)

FUEl, CELL PUMP-l, -Z,

and -3 sw (MDC-ZZ)

FUEL CEI,L PUMP-l, -Z,

and -3 sw (MDC-ZZ) and
_ U_:.L CELL INDICATORS

sw (M.DC- 18)

I .

Unit -

Quantity_
I_

Unit input
Power

(Watts)

AC DC

I

20.0

Z.0

Z.5

2.0

1.0

i00.0

FUEL CELL INDICATORS

sw (MDC- 18)

FUEL CELL INDICATORS

sw MDC- 18)

Total Input
Power

(Watts)

I

300.0

_o.o

6,0

7.5

:373.5

DC

18.0

3.0

E

[

I

i

L

[

ELECTRICAL POWER SYSTEM

Mission Banic Date._!_Noy_lJ._66 Change Da_e._ Page Z. 6-34
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t_d

I

<I

]

i

)

_q

?I

:Ii
I

;I

:ii
'i
i Li
il

: !1 _!

- ii '?z_

"i _:N

:i

:i

!

I

Unit

O 2 f]owmeter

circuits

H 2 purge

line heater

Purge solenoid

Fuel cell inline

h e ate r

CRYOGENICS

HZ tank heater

0 2 tank heater

}{Z tank fan

O 2 tank fan

Pressure

transducer

Signal

conditioner

I:)A _I ± Et_Y

CHARGER

SIviZA -0 3 --SC012

APOLLO OPERATTONS HANDBOOK

SYSTEMS DA.TA

Control

FUEL CELL INDICATORS

sw (NfDC- 18)

H Z PURGE LINE

HEATER (IvIDC- 1 5)

FUEL CELL-l, -2, -3,

and I-i2 I--'URGE/O Z

PURGE sw (MDC-18)

None

(Automatic on at

+385a:5 ° F)

(Automatic" off at

+390±5 ° F)

t-I Z HEATERS-1 and -2

sw (IvIDC-- 13)

O Z IIEATERS-I an.d -Z

sw (MDC-I 3)

H 2 FANS-1 and -2 sw

MDC-13)

Oz FANS -i and -Z sw

(MDC-I3)

ESSENTIAL-3 (153)

C/B

CRYOGENIC SYSTEM--

QTY AMPL-I and -2-

_c C/.B (?_.DC-B2)

BATTERY CHARGEK

selector sw (MDC-18)

Unit Input

Power

(Watts)

Unit .....

Quantity AC

5.0

14.5

4.0

°

DC

I. 0

Z.0

17.5

160.0

Z0.0

155.0

1.5

Total Input

PO'W e ]7

(Watts)

AC DC

.%.0 "

4.0 t

105.0

480.0

40. 0

3!0.0

_0.9

58.0

6.0

16.0

55, 0 84. 0

Yfl aTi Ill aX "

['?'<'!F:'
t

[U
• _ !::2,

7!
B,

Mission

ELECT'RICAL POWER SYSTEM
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!j

:::i.t

i:!!%(
:<':i_

.<:<<_
iiili_

2I

iii

::%_

,!i

]i':: }_

k_

<i :'_

u,',-

Unit

Sz._'_SING UNITS

D-C under-

voltage sensing

unit (Z circuits)

A-C ur_der and

ore rvoltage and

overload

sensing unit

(2 circuits)

Pt _AS_.

SYNCt-IRONIZER

UNIT

!NVERTERS

(See note)

) 6.5

2.6.5.1

SMZA-03-SC0 Ig

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Control

MAIN BUS A and ]3-

RESET/OFF sw (MDC-18)

AC BUS I and Z_RESET/

OFF sw (MDC-18)

INV PHASE LOCK

(panel Z08)

AC INVY2RTER-]., -Z,

and -3 sw (MDC--I8)

Un it

Quantity

Unit Input

Power

(Watts)

AC DC

7.5

Total Input

Power

(Watts)

AC DC

0.5

i.0

7.5

NOTE With a Z8-volt d-c input, ca.ch inverter wi]l

opec:ate at air efficiency of 76 percent mini!_um with

a 1Z50 volt-ampere load, 0.9 power factor, and

74 percent minimum with a 625 voli>ampere load,

0.9 power factor.

OPERATIONAL LIMITATIONS AND RESTRICTIONS_

Fuel Cell Power .Plants.

Fuel cell power plants are designed to function under atmospheric

and high vacuum conditions. Each must be able to maintain itself at

sustaining temperatures and minimum eiectrical, loads at both environment

extremes. To function properly, fuel cells must operate under the

following limitations and restrictions:

e Idxternal nonoperating temperature

e Operating temperature inside S/M

E_:ternal nonoperating pressure

® Normal voltage

-Z0 ° to +140°F

+30 ° to +130°F

Atmospheric

27 to 31 vdc

ELECTRICAL POWER SYS[CEM

:J,!_;ion Basic Date ).Z N gv. ].(_66 Change Date ................... Page Z.6-36
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qi:!; SMZA--03-SG012

APOLL,O OPERATIONS HANDEOOK

SYSTEMS DATA

1

1

1
4
]

<!

i:i:)!

[:i

I

ii

::]
ii
_j

I

I
]

!ii

?

Lt';_!

ff

ff

Minhrmrn operating voltage
Emergency operation

Norrnal operation

Z0. 5 vdc at Z295 watts

(gross power level)

Z7 vdc

Maximum operating voltage

Fuel cell disconnect (overload and

reverse current relay)

31 vdc

75 amperes for over

15 minutes, llZ anqperes

l_orZ5 to 300 seconds

Maximum reverse current
i second nMnimum

Minimum sustainhag power/fuel cell

power plant (with in-line heater off)
In-line heater

• H z purge line heater

Maximuna gross power under

emergency conditions

563 watts

160 watts

4 watts

ZZ95 watts

e Nitrogen pressure 5Z to 70 psia

Reactant pres sure

Oxygen

Hydrogen

6Z to 75 psla
60.5 to 75 psta

Reactant consumption/fu.el cell

power plant
Power Level

Hydrogen

Oxygen

Electrolyte water concentration

Minimum stack temperature for

self- sustaining operation

563W ZZ95W

0. 0476 0.Z6Z lb/hr

0.378 Z.08 Ib/hr

Z4.3 to Z8. Z percent

+385°F

Approximate external environment

temperature range outside S/C
(for radiation)

-.Z60 _ to +400°F

Fuel cell power plant operating skin

ternpe ratur e

9 K °+_8_ to +500°F

Condenser exhaust operating
temperature

+155 ° to +175°F "

li:

k_

bii s s ion

EJ.,ECTRICAL ]POWER SYSTEM

Basic Date 1Z Nov ]_66 Change Date ................. Page 2.6-37
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SIvIZA-03-SC01 Z

APOLLO OPERATIONS I-L_kNDBOOK

SYSTEMS DATA

! 8

i!

....!i

_<i_i_<ii

ilI

2.6.5.2

Purging frequency
Non_ina!ly every Z4 hrs.

• "(dependent on reactant purity

after tank fill)

Q

O 2 switch ON time

H Z switch ON time
I

Additional flow rate while purging

O2

H Z

Z minute s

80 seconds

Up to 0.6 ib/hr

Up io 0.75 Ib/hr

Cryogenic Stor_.,ge Subsysten_.

The cryogenic storage subsystem must be able _:omeet the following

requiren_ents for proper ol)eration of d_e fuel ce!l power plants and the

ECS:

O A,linimuln usable ouantitv

Oxyge:i

Hydrogen

320 lb each tank

28 Ib each tank

Temperature at time of fill

Oxygen

Hydrogen

-297°F (approx)

-423 °F (approx)

Operating pressure range

Oxygen

Hydrogen

865 to 935 psia

ZZ5 _:o Z60 psia

Temperature probe range

Oxygen

Hydrogen

-325 ° to +80°F

•:.425° to -Z00°F

Maximum allowable difference

in quantity balance between tanks

Oxygen tanks No. 1 and Z

Hydrogen tanks No. 1 and 2

15 lb

1 lb

Pressure relief valve operation

Crack pressure

Oxygen

Hydrogen

Reseat pressure

Oxygen

Hydrogen

Full flow, maximum relief

Oxygen

Hydrogen

998 psia

Z88 psia

980 psia

Z83 psia

10Z5 psia

300 psia

Mission

ELECTRICAL POWER SYSTEM

Basic Date 12 Nov 19(L_...Chang e Date.__ ...... Page
_, 6-38
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SMZA-03-,SC01 Z

,4POLLO OPERATIONS ;qANDBOOK

SYST]EMS DATA

,] •-,i

:i
i

:i 1

] F?:h

i

I

:il

[I:'I

L<-_¢

El
;t

:,! [?Ii

i ;i!

:i!:t

i

1

2.6.6 TELEMETRY MEASUREMENTS.

The following is a complete list of all EPS telelnetry data that is

monitored by flight controllers and ground support personnel. The last

column contains the name and type of S/C crew display. The displajy

utilizes the sa1_ne p!.ckoff or signal source as telen_etry, unless a separate

measure_nent nm_aber is included in the display column.

An asterisk (":Jby the measure_nent number denotes infornqation

which is not available for recording or telemetry transmission during

PCM low bit rate operation,

.\/_easur c-

Fn ent

Nm]_be r

CC 01'75 T

CC 0!76 T

CC 0].7'7 T

*CC 0178 T

*CC 0179 T

;':-CC 0i88 P

CC 0Z00 V

;:-'CC0Z01 V

*CC 0202 V

CC 0203 V

*CC 0204 V

*CC 0205 V

CC 0Z06 V

CC 0207 V

,:_CC 0210 V

,':CC 0Z11 V

Description

Temp static inverter 1

Ten_p static inverter Z

Tenap static inverter 3

Temp battery A case

Temp battery 13 case

Press bat compartment

(M;,nif)

AC voltage ma_n bus 1

phase A

AC voltage rnam bus i

phase B

AC voltage man bus 1

phase C

AC voltage man bus Z

phase A

AC voltage mam bus Z

phase B

AC voltage man bus Z

phase C

DC voltage man bus A

DC voltage main bus B

DC voltage battery

bus A

DC voltage battery

bus t3

No_ ,hal

Sensor Operating

IRange Range

! o ,-t32/-:248

4-32/4-Z48 ° F

+32/+Z48 °F

+3Z/+2!2°F

+3Z/+Z]. Z°F

Zero/-I 18

psia

Zero/+i 50

V_..C

Zero/+!50

VaC

Zero/+150

vac

Zero/+150

vac

Zero/+!50

vac

Zero/+] 50

vac

Zcro/445 vdc

Zero/+45 vdc

Zero/+45 vdc

Zero/4-45 vde

4-40 ° to +140°F

+40 ° l:o +140°F

4-40 ° to +140°F

+50 ° to I10°F

(ZO0°F entry)

4-50 ° to I10_'F

(ZOO °F entry)

Zezo

113 to 117 vac

113 to ii7 vac

113 £o ].17 vac

113 to 117 vac

113 to 117 vac

113 to 117 vac

27 to 3t vdc

27 to 31 vdc

35 to 37 vde

open circuit

27 to 29 vdc

on load

Grew Display

I]JV 1 TEMP ]di CaW

light

iNV Z TEMP iI?. CaW

li gt_t
i

INV 3 TEMI-' i,%ti C&W_:

_ight LL.
None

N on e

Auxiliary DG VOLTS

meter

AC VOLTS meter

AG VOLTS meter

AC VOLTS meter

AC VOLTS meter

_&C VOLTS meter

AC VOLTS meter

DC VOLTS meter

DC VOLTS Fneler

DC VOLTS meter

DC VOLTS n]e[er

Mission

ELECTRICAL I°OWER SYSTEM

Basic Date 12, Nov 1")66 ChanGe Date .................... Page__.Z-6j39 .......



SMZA_01%-.SC0iZ
APOI.Jt,OOPERA'I'!ONSHAND13OOK

lii!:;ii

i

i

.t

i

<!
.i

i

i]

i

/

:i
4

7

Iv_easure-

n_ent

Nmxlbe r

*CC 0ZIZ V

<'-CC @Z13 F

-':_CC0214 V

"#CC 02i7 F

*CC 0ZZZ C

*CC 0ZZ3 C

<-'CC 0224 C

CC 0Z3Z V

#SC 2060 P

$SC 2061 P

*SC Z06Z i_

-*SC 2066 P

*,sc 2067 P

Description

DC voltage post landing

battery

Frequency ac bus 1

phase A

DC voltage bat charger

out

Frequency ac bus Z

phase A

DC current battery A

DC current battery B

DC current post landing

b att e r y

DC voltage battery

relay bus

N 2 press1_re F/C 1

regulated

N Z pressure F/C Z

regulated

N Z pressure F/C 3

regulated

0 Z pressure F/C i

regulated

Oz pressure F/ C 2

regulated

SYSTEMS DATA.

No r]._ al

Sensor Operating

Range Range

Zero/+45 vdc

+380/+420

cps

Zero/q45 vdc

+380/+420

cps

-3/+100 amp

-3/÷100 alnp

.-3/q I00 an_p

Zero/-g/,.-..5 vdc

Zero/+75

psia

Zero/+75

psia

Zero/+75

psia

Zero/+75

psia

Zero/+'?5

psia

35 tO 37. Z vdc

open circuit

27 to 29 vdc

on load

393 to 407

cps

37 to 39 vdc

393 tc 407

cps

-3 to 3D amps

-3 to 30 an_ps

-3 to 30 amps

Z5 to 36, 5

vdc

50 to 54 psia

50 to 54 psia

50 to 54 psia

59 to 6[; psia

59 to 65 psia

Crew Display

DG VOLTS n_etcr

FRE]QUENCY meter

DC VOLTS meter

FRlEQUENC Y nl ere r

DC A.M.PS rrieter

DC AMPS meter

DC AMPS meter

None

F/C I C&W ligh%
REG OUT PR]£SS

HI-N Z event indi-

cator, and auxil-

iary DC VOLTS

m ere r,

F/C 2, C&W ].igbt,
I Rldo_RlEG OUT _ _

HI-N 2 event :" _:

ca/:or, and auz:il--

iary DC VOLTS

in eter

F/C 3 C&W light,

RF.G OUT PRFSS

HI-.NZ event indi-

cator, and auxJ.].-

iary DC VOLTS

n]eter

F/C I C&W hgn_

REG OUT PR1ESS

l{J.--OZ event indi-

cator, and auzilo.

iary DC VOLTS

Ineter

F/C Z C&W light,

RE:G OU_I ' PR]5:SS

l-II-OZ event indi-

cator, and amcil-

iary DC VOLTS

Inete r

k2LECTRICAL POWER SY_)T_.N/I
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!ii

_v_easur e-

rnent

Nm_ber

SkIZA - 03 --SC 0 i 2

APOLLO OPERATIONS tgANDI_OOK

-':'-SC Z068 P

B
*SC Z069 P

Pi
b_ *SC Z070 P

i_ *SC Z071 P

SC 2081 T

L9'_i

SC 208Z T

SC Z083 T

_ SC Z084 T

II

G
P

!.u

!_ M_sio___.

Description

O Z pressure F/C 3

regu]ated

H Z pressure F/C i

regulated

H z pressure F/C Z

regulated

IIZ pressure F/C 3

regulated

Ten_p F/C i cond

exhaust

Temp F/C Z cond

exhaust

Ten_p F/C 3 cond

exhaust

Temp F/C i skin

Temp F/C Z skin

SYSTEMS DATA

Sensor

Range .

Zero/+75

psia

Zero/+75

psia

Zero/+75

psia

Zero/+75 •

psia

+150/+Z50°P

+I50/+Z50°F

+150/+Z50 °F

+80/q:550 °F

+80/+550°F

Normal

Op e rating

Range

59 to 65 psia

57.5 to 63. 5

psia

57.5 to 63.5

psia

57.5 to 63. 5

psia

+157 ° to

+iTZ°F

+157 ° to

+I 7 Z ° F

+157 _ to

+I7Z°F

+385 ° to

+460°F

+385 ° to

+460°F

Crew Display

F/C 3 C&W 1Pght,

REG OUT PRESS

HI-O Z event indi-

cator, and auxi]- "

iary DC VOLTS

meter

F/C 1 C&W light,

REG OUT PRESS

HI-H Z event indi-

cator; and auxil--

iary DC VOLTS

meter

F/C Z C&W light,

REG OUT PRESS

HI-H Z event indi-

cator, and amdl-

iary DC VOLTS

meter

F/C 3 C&W light,

REG OUT PRESS

HI-H Z event indi-

cator, and a_uxil.-

[ary DC VOLTS

meter

F/C 1 C&:W light,

and MODULE

TEMP COND- EXH

indicator

F/C g C&W light,

and MODULE

TEMP CONDL EXH

indic ato r

_F/C 3 CaW light,

and MODULE

TEMP COND- EXH

indicator

F/C 1 C&W light

and MODULE

TEMP-SKIN

indicator

F/C Z C&W light

and MODULE

T]£MP--SKIN

indicator'

i

ELECTRICAL POXVFI{ SYSTEM

Basic Date 1Z Nov 1966 Cb.ange Date ............. pat, a'_ Z. 6 - 41



i

!i__!!

•::IX

i!_i1

ii

:i!1

]

/!

i

SMZA-03-SC0 IZ

APOLLO OPERATIONS HANDBOOK

Measure-

rnent

Number

SC Z086 T Temp F/C 3 skin

SC 2087 T Temp F/C i radiator

outlet

SC Z088 T Temp F/C Z radiator

outlet

SC 2089 T Temp F/C 3 radiator

outlet

SC ZII3 C DC current F/C 1

output

SC ZII4 C DC current F/C Z

output

SC ZII5 C DC current F/C 3

output

SC 21Z0 X Fuel cell ! bus A

disconnect

SC ZIZI X Fuel cell 2 bus A

disconnect

SC Zl ZZ X

Mi s,_ion

Description

Fuel cell 3 bus A

disconnect

SYSTEMS DATA

SensOr

Range

+80/+550 °F

-50/+300°F

_50/+300°F

-50/+30(' °F

Zero/+100

amp s

Zero/+100

amp s

Zero/+100

amp s

Off/on

event

Off/on

event

Off/on
event

NOrmal

Operating

Range Crew Display

_F

+385 ° to F/C 3 C&W light

+460°F and MODULE

TEMP-SKIN

indicator

-30 ° to +300°F F/C 1 C&W light,

F/C RAD TEMP

LOW event indica-

tor and auxiliary

DC VOLTS meter

-30 ° to 4-300°F F/C Z C&W light,

F/C RAD TEMID

LOW event indica-

tor and aLuz.iliary

DC VOLTS meter

•-306 to -I-300°'F F/C 3 C&W light,

F/C RAD TEMP

LO_¢V event indica-

tor and amdtiary

DC VOLTS meter

DC AMPS meteri8 to ZZ amps

Connected

ELECTRICAL POWER SYSTEM

Basic Date 1Z Nov 1966__Change Dat%

Disconnected

OC A.h4PS meter

F/C BUS DISCON-.

NECT C&W light

and FUEL CELL-i-

MAIN BUS A

switch event

indicator

F/C BUS DISCON-

NECT C&W light

and FUEL CELL-Z-

MAIN BUS A

switch event

indicator

F/C BUS DISCON-

NECT caw light

and FUEL CELL-3-

MAIN BUS A

switch event

indicator

Page Z, 6-.4Z
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SMZA-03-SC0!Z

APOLLO OPERATIONS HANDBOOK

i_)ib,
_-t ;YSTEA4tS DATA
[:.:_

Measure- Normal

P1 Sensor Operating ,

{ii meat
, _ Nu_nber Description Range Range Crew Disp].ay

!
::ii SC Z125 X Fuel cell 1 bus B Off/on Disconnected F/C BUS DISCON-

i} t:L_ NECT C&W light_:,_ disconnect event

_i _ and FUEL Cl'2LL-l-_
MAIN BUS ]3

:] switch event

} [j indicator
{ _" SC 2126 X Fuel cell Z bus B Off/on Connected F/C BUS DISCON-

_! disconnect event NECT C&W light

a, d FUELCZL>-Z-
J'_i_ MAIN BUS B

,_: switch event

indicator

i_a Off/on Cormected F/C BUS DIS'CON-

i_ _ SC ZIZ7 X Fuel (:ell3 bus Bdisconnect event INECT C&Ig light
and FUEL C_zLJ-,-. -

_:t _ MAIN BUS 13 ::m<.i

:"t _ swil:eh event _i _

i I indicator [<:a_[ii__<:i; 0.046 to 0.0s6 F!C i C&W ]-r,_ht
*SC 2139 R Flow rate H Z F/C i Zero/+0,Z I.....I " lb/hr " lbs/hr and FLO'W -Iq Z

.i" [_ I ind ic ato r

[i ",=SC ZI40 R Flow ra_e t-t z F/C Z Zero/+0.2 0,046 to 0.056 F/C g C&W light

i_ _':'..a[i:l lbl>, l_.:,s/>.,,- a,_d FLOW-J- h
".:m indicator

_i -",-'SC 21.4i R Flow rate H Z F/C 3 Zero/+0oZ 0.046 to 0.056 F/C 3 C_W light

:_i [:_:_ lh/hr ].bs/hr and FLOW-II 2

j indicator
i ","SC ZI4Z R Flow rate O Z F/C ! Zero/+l.6 0.3"10 to 0.450 F/C I C&W light

lh/hr lbs/hr and FLOW- O 2

:il *SC Z143 R Flow rate O Z F/C Z Zero/+]..6 0,370 to 0.450 F/C Z C&V7 ].ight
Ib/hr Ibs/hr and FLOW.-O Z

i indicato r

_:'_" Zero/+l.6 0.370 to 0.450 F/C 3 C&W light
::{ _ -':'-SC Z144 R Flow rate O Z F/C 3

1 lb/hr ibs/hr and FLOW-Oz

_ in d ic ato r

:_{ _t,_ ::"SC 2160 X pH factor water condi- Normal/high Normal F/C 1 C&W light

:] _-, tion F/C ! event and pI-I t-Ii event

i!ii indicato,"
°_w -':_SC Z161 X pH factor water condi- Normal/high Normal F/C g C&W light

' [)_ tion F/C Z event and pI-I I-II event
__ indicator

¢SC 2i6Z X p]_ factor water condi- Norn',al/high Norma] E/C 3 C&W light

:_ PJ and pH I-II event! ti.on F/C 3 event

{ [-:_ indicator

j

!
:-.i'}_!_ ELECTRICAL POWER SYSTEM
ii
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Measure-

ment

Number

SC 2323 X

sc 2_24 X

SC Z325 X

SF 0030 Q

SIP 0031"Q

SF 003Z Q

Sf" 0033 Q

SF 0037 P

SF 0038 P

SIP 0039 P

SF 0040 P

SF 0041 T

SIp 0042 T

SIP 0043 T

SIp 0044 T

SMZA-03-SC01Z

APOLLO OPERATIONS IIANDBOOK

SYSTEMS DATA

Description

Fuel cell I shut off mon

Fuel cell Z shut off mon

Fuel. cell 3 shut off mon

Quanti_y HZ tank 1

Quantity H Z tank Z

Quantity O Z tank !

Quantity O Z tank Z

Press O Z tank 1

Press O Z tank 2

Press H Z tank 1

Press H Z tank Z

Temp O Z tank 1

Te_np O Z tank Z

Temp H Z tank 1

Temp H Z tank Z

Sensor

Range

Close/open

event

Close/open

event

Close/open

event

Zer0/+Z8 Ib

Zero/+Z8 i b

Zero/+3Z0

ib

Zero/+3Z0

ib

4-50/+1050

psia

+50/+1050

psia

Zero/+350

psia

Zero/+350

psia

-325/+80°IP

-325/+80°IP

-425/-Z00°F

-4Z5/-Z00°F

No rm al

Ope rating

• Range

Open

Open

Open

+Z8 lbs'to

zerO

+Z8 ibs to

zero

+3Z0 lbs to

zero

+3Z0 ]bs to

zero

865 to 935

psia

865 to 935

psia

ZZ5 to 260

psia

ZZ5 to Z60

psia

-284 ° to

-140°F

-284 ° to

-140°F

-417 _ to

-340°F

-41.'? ° to

-340°F

Crew Display

FUEL CELL

REACTANTS event

indicator

FUEL CELL

REACTANTS event

ind ic ato r

FUEL CELL

REACTANTS event

indicator

TANK QUANTITY-

H2-1 indicator

TANK QUANTITY-

Hz.-Z indicator

TANK QUANTITY-

O2-I indicator

TANK QUANTITY-

Oz-Z indicator

0 z PRESS C&W

light and TANK

PRESSURE-Oz- i

ind ic ato r

O z PRESS C&W

light and TANK

I:_REbS 0RE-,Oz- Z

indicator

H Z PRESS C&W

light and TANK

PRESSURE-HZ- i

indicator

H Z PRESS C&W

light and TANK

PRESSURE-Hz-Z

in d ic ato r

None

Nolle

None

None

__LEG ]TRICAL POWER SYSTEIvi
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The auxiliary DC VOLTS meter, FUNCTION SELECT and TEST

SELECT switches, located on panel ZOO in the C/M RI-IFEB, provide a

_eans of monitoring various telemetered measurements within the S/C

and verH'ying certain parameters displayed only by event indicators.

The following list presents the measuren_ents test can be monitored 1asing

the auxiliary DC VOLTS lneter, their respective switch positions, and the

range of each sensor . Norrnal operating para:neters of n_.easurable iten_s

are covered in. the telemetry listing.

Auxiliary DC VOLTS Meter

Indication ( Telen_etry Identity)

and Code No.)

N2 pressure, psia

F/C 1 SC 2060 P

F/C Z SC Z061 P

F,/C 3 SC Z06Z P

OZ pressure, psia

F/C 1 SC Z066 P

F/C Z SC Z067 P

F/C 3 SC Z068 P

H Z pressure, psia

F/C i SC 2069 P

F/C Z SC Z070 P

F/C 3 SC Z071 P

EPS radiator outlet temp

F/C 1 SC Z087 T

F/C Z SC Z088 T

F/C 3 SC Z089 'Y

C/M-RCS oxidizer valve ten-_p

-P engine, sys A CR ZZ05 T I

+Y engine, sys B CR 2203 T I

-P engine, sys B CR ZZ04 T ICW engine, sys B CR gZ06 T

CCW engine, sys A CR ZZ0t T 1
-Y engine, sys A CR 2ZOZ T

PIPA ternp CG Z300 T

IRIG temp CG Z301 T

switch Positions

Function

Select

B

A

Test

Select

4
5

6

i0

ii

iZ

1

Z

3

4

It

lZ

6"

Sensor Range

0 to 75 psia

0 to 75 psia

0 to 75 psia

-50 ° to 4-300°F

-50 ° to +25001 ;`

+125 _ to +135°F

+1Z8.5 ° to +138. 5°F

_LECTRICAL POWER SYSTEivl

Basic Date IZ Nov t966 Cha _g_ Date ........ Page
Z. 6-.45
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Auxiliary DC VOLTS Meter

Indication (Te]ernetry Identity)

and Code No.)

IMU current

He,ater CG Z30Z C

Blower CG Z303 C

Battery manifold

Pressure, psia CC 0188 P

ECS radiator inlet

Tm_np SF 0665 T

iliary

DC

VOLTS 1

Meter I

Display].

0.0

0.Z

0.4

0.6

0.8

1.0

1.Z

1.4

1.6

1.8

Z.0

2.2

2,4

2.6

2.8

3.0

3.2.

3.4

3.6

3.8

4.0

SYSTEMS DATA

Switch Positions

Function

Select

Test

Select

i0

Sensor Range

0 to 5 amps

0 to ] 8 psia

+60 ° to +150_F

The conversion of the previously listed telemetry measurements

to the auxiliary DC VOLTSmeter indication is presented as follov;s:

NZ, 02.,

HZ

Pressure

(PSIA)

0

3

6

9

IZ

15

18

Z1

24

27

30

33

36

39

42

45

48

51

54

57

60

EPS

Radiator

Outlet

Temp

(°F)

-50

-36

-2,2

-8

+6

+Z0

+34

+48

+62

+76

+90

+104

+1i8

+13Z

+146

+160

+174

+188

+Z02

+Zi6

+Z30

C/M--

RCS "

Oxidizer

Valve

Te_np

(°F)

-50

-38

-26

-14

-Z

+i0

+ZZ

+34

+46

+58

+70

+8Z

+94

+106

+118

+130

+142

+154

+166

+178

+190

PIPA

Temp

(°F)

+125,0

+]25, 4

+125.8

+IZ6.Z

+12-6.6

+iZ7.0

+127.4

+iZ7.8

+128. Z

+i Z8.6

+IZ9.0

+129.4

+I29.8

+130. Z

+130.6

+131.0

+131.4

+131,8

+132. Z

+13Z.6

+133.0

IRIG

Temp

(°F)

+IZ8.5

I-IZ8.9

+129,3

+I29.7

_130,I

+130,5

+130.9

+131.3

+131.7

+13Z.1

+132.5

+132.9

+133.3

+133.7

+134.1

+134.5

+134_ 9

+135.3

+135.7

+136. 1

+136.5

IMU

Heater

and

Blower

Current

(An_ps)

0o0
r_ 9

0.4

0.6

0.8

1.0

l,Z

1.4

1,6

1.8

Z,0

Z.Z

2,,4

2.6

Z,8

3.0

3,2

3,4

3,6

3,8

4,0

Battery

Manifold

Pressure

(PSIA)

0.00

0.72

1.44

2.16

2-.88

3, 60

4.3Z

5,04

5.76

6.48

7. Z0

7,92

8,64

9,36

10,08

I0, 80

!l. SZ

12.24

]Z.96

13,68

14,40

ELECTRICAL POWER SYSTEM

1,{i_sion ........... Basic Date 12 Nov 1966 .Change Date,,• Page

ECS

Radiator

Inlet

T ernp

(°F)

+60.0

+63.6

+67, Z

+70, 8

+74.4

+78.0

+81,6

+85. Z

+88.8

+9Zo 4

+96.0

+99,6

+!03°Z

+106.8

+110.4

+114.0

+1i7,6

+lZl. Z

+!Z4.8

+128.4

+13Z.O

Z, 6--46
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iliary

DC

VOLTS

Meter

Display

4. Z

4.4

4.6

4.8

5.0

N2, 0 2,

tt 2

Pressure

(PS!A}

.63

66

69

72

75

EPS

Radiator

Outlet

Temp

(°F)

+244

+258

+Z7Z

+286

4-300

C/M- IMU

RCS tieate r

Oxidizer and

Valve P!PA IRIG Blower

T ere.p Temp Temp Current

( ° F) ( ° F) ( ° F) (An_p s)

+ZOZ +133,4 +136.9[ 4. Z

-l-Z14 +133.8 +137.3[ 4.4

+Z26 +134, Z +!37,7 I 4°6

4-238 +134.6 +138. 1 4.8
t " a-l_4 _, ¢"+250 -, 135.0 .... 8. 5 _, ..)

Battery

Manifold

Pressure

(PSlA)

15, IZ

!5.8,1

16.56

17.28

18.00

ECS

Radiator

Inlet

'Y*enip

(°F)

+135.6

+139.2

+142,8

+146.4

+150.0

?

ELECTRICAL POWER SYSTEM
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SECTION 2

SUBSECTION 2. 7

ENVIRONMENTAL CONTROL SYSTEM (ECS)

INT RO DU CTION.

The environmental control system (ECS) _s designed to provide a

co_itrolled environment for three crewmen v,,ithin the Apollo C/M for

missions up to 14 days. The system also supplies several of the metabolic

requireme_nts, as well as functioning in the removal of by-products result-

ing from the normal _=qetabolic process. The controlled environment

consists of a pressure suit circuit for use during normal or emergency

conditions, and a shirtsleeve atmosphere within the C/M cabin, for use

when normal conditions prevail. Oxygen and therma!]y controlled water

are supplied for crew consumption; whereas, carbon dioxide and odors,

water-production , and heat output are removed, in addition, the _ECS

disperses equipment heat loads and provi<]es for venting the waste storage

compartment. Controls and displays a.re located in several areas within

the C/M cabin; these, in conjunction with automatically functioning compo- [i!!!i_..
nents, and sensing and protective devices, aid the crew in the operation of !

the sFstens. Tkc five subsystcn2s con_posing the _ICS are the oxygen supply, }

pressure suit circuit, cabin pressure and temperature control, wa[er- i]:_,.._.

glycol coolant, and water supply.

The oxygen supply subsystem controls the inflow of o_;ygen for the

entire Apollo mission. This function is accomplished by pressure regu-

lator, demand regulators, storage tanks, check valves, and manual shutoff

valves. The pressure suit subsystem automatically controls the flow,

pressure, temperature, and composition of the pressure suit gas. In con-

junction with the C/M pressure and temperature control subsystem, it also

controls the environment conditions in the cabin when one, or all of the

crew are out of their pressure suits. These functions are provided by

water separators, temperature control.s, a suit heat exchanger, a debris

trap, gas compressor, COg-odor absorbers, and a water glycol-to-gas

heat exchanger.

The cabin pressure and temperature control subsystem automatically

maintains the pre'ssure and temperature of the cabin within specified limits.

This function is accomplished in conjunction with the pressure suit subsys-

tem by means of regulated oxygen inflow, recircu].ation blowers, a heat

exchanger, a temperature control an_d sensors, vent valves, and other

valves and controls required. The water...glyco], subsystem is an inter-

mediate heat transfer loop which permits excess heat to be transferred

from the C/h4 interior to the space radiators where it is rejected to the

cosmic sink. Th_s function is accomplished by pu_.,ps, heat excb_angers,

Mission

ENViRONM}ENTAL CONTROL SYSTEM

Basic Date 12 Nov 1966 •. Change I)ate ................ Page
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2.7. Z

cold plate networks, valves, and controls. The water supply subsystem

collects, stores, and provides water for supplemental heat transfer opera-

tion, and collects and stores potable water for consumption by the crew.

These functions are accomplished by utilizing water tanks, pressure

controls, cyclic accumulators, and valves.

Other than the circuitry required for controls and displays or electri-

cal power, three points of interface exist between the ECS and other S/C

systems. All oxygen supplied to the ECS flows from the cryogenic storage

tanks, which are considered a part of the EPS. The fue ! cells, also a part

of the EPS, furnish the onboard su0ply of potable water ti_at is stored by the

ECS. The third interface point is with the waste management system,

which connects into the ECS overboard durnp l_ne.

FUNCTIONA L DESG RiPTION,

The ECS requires a minimum amount of crew time be spent for

normal system operation, In addition to periodically monitoring system

indicators, the crew is responsible fo.r the accomplishment of several

norrnai tasks on an infrequent basis. For conditions other than normal,

the duties of the crew will increase. Electrical and manual override and

backup capabilities exist throughout the ECS to maintain the required

reliability level of the system.

The oxygen supRlied to the ECS from the storage tanks in the S/M

is used to carry out a variety of system functions. Upon reaching the ECS,

oxygen is automatically regulated and manually routed to various sub-

system components by a system of valves and lines. Also incorporated are

automatically functioning components to maintain suit and/or cabin pressure

in the event of cabin decompression of equipment rnalfunction.

The atrnosphere of the pressurized cabin, as well as that of the

pressure garment assemblies (PGA), is routed through the suit circuit for

contaminant removal and humidity control. The flow, pressure, and

temperai-ure control within the suit circuit, are maintained by o_her compo-

nents of the subsystem. This is accomplished automatically by using

transducers, sensors, and control units to regulate these functions.

Mechanical-type oxygen pressure regulators automatically maintain cabin

pressure within prescribed limits. The temperature of the cabin is con-

trolled by an automatic unit that regv !ates the output of the cabin heat

exchanger with the aid of sensors and anticipators.

Carbon dioxide and odors are removed from the suit circuit and

cabin gases by routing the g.-%sflow through two filters in the CO2-odor

absorber canisters. Each filter contains .qufficient lithimzn hydroxide

(CO Z removal) and activated charcoal (odor remora]) for a ]Z-hour duty

period for a crew of _hree. The suit ci_rcuit and cabin atmospheres are

also sampled by a gas cl.romatograph that will identify up to Z$ gas compo-

nents that may be present.

[
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Heat, generated by the crew and the many items of electrical equip-

ment located in the cabin, is absorbed by recirculating water-glycol. The

_.e_t is transferred to the water-glycol as it flows through the suit heat

exchanger, the cabin heat exchanger, and the cold plate network for the

electrical equipment. The warm water-glycol is then routed through_space

radiators in the S/M, where the heat is radiated to space. Supplementing

the 'radiators and/or as a backup mode, water evaporators are employed

for a_y additional temperature control of suit gases or insufficiently cooled

water-glycol.

Potable and waste water are generated on-board the S/C. The potable

water is a by-product of the EPS fuel cells and flows to the ECS where it _s

stored. Cold potable water is avail_fble to the crew for drinking, and hot or

cold potable water is available for food recons-titution. Waste water is

derived from the moisture that condenses in the water separator of the suit

exchanger. It is collec[:ed and stored by the ECS and used for evaporalive

cooling in the suit heat exchanger evaporator and the water-glycol

evaporator.

MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

Pertinent design data in regard to components, their function <vithin

each subsystem, and how they interface is contained under major compo-.

nent/subsystem description. The description follows the logical flow,

component by component, through each subs_stem of the ECS. _

Oxy_ien Supply Subsystem.

Two cryogenic oxygen storage tanks (part of the electrical power

system) supp]y 900:_35 psia oxygen flow to the ECS. Each t-ank contains

3Z0 pounds of oxygen_ and of the total supply, approximately one-third is

consumed by the ICCS. Oxygen fl()ws unrestricted _n parallel lines fron_ the

S/M supply tanks into the C/M. In the C/M, oxygen flows in each supply

line through a filter, a capillary restrictor, and a check valve upstream to

their connection to a common distribution line. To assure uniform flow,

the capillary restrictors are coiled around a warm water-glycol line to

increase the oxygen temperature. Each restrSctor allows a maximum flow

of 4.5 pounds per hour into the ECS to limit the demands placed on the

cryogenic oxygen storage tanks and enable the tank heaters to maintain the

prescribed tank pressures. The minimum flow rate will not decrease

below 3. 4 pounds per hour as the oxygen density decreases due to usage.

Illustrated h_ the ECS integrated schematic (figure 2. 7-13) the manual S/M

supply shu[off valve, located on the LHE]% pane] 307, is normally in the ON

position and placed to OFF prSor to SCM separation for _he entry phase of

the mission. Downstrea_n of the S/M shutoff valve 900-35 psia oxygen is

distributed to a surge tank, an entry 02 tank, a PLSS fill valve, and the

main pressure regulator assembly. Oxygen flows to the surge tank through

a manual surge tank isolation valve, located on the LHEB panel 307. The

surge tank provides a reservoir of O Z for the entry mission modes, and

during flow requirements above the 0.9 pound per hour maximum

ENVIRONMENTAL CONTROl., SYSTEM
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allowable by the capillary restrictors. Approximately 3. 7 pounds of

oxygen is available at nominal inlet pressure of 900-_:35 psia. A surge tank

pressure transducer output is displayed by the TANK PRESS 0 2 1 indicator,

located on MDC panel 13. The indicator input must be selected by the

locat_o below the indicator. To reduce theswitch position, SURGE TANK, o

demand loads on the cryogenic storage system, high flow rates from the

surge tank will _naintain cabin pressure from 5 t:o 3.5 psia for 5 minutes,

w._th a 0. 5-inch-diameter puncture __n the cabin. The flow rate into the

cabin is a function of regulator valves downstream of the surge tank. The

5.-minute period allows unsuited cre-vmembers _o don PGAs. When isolated

by the surge _ank manual shutoff valve, the ta_.k is protected by a pressure
relief and mam-al shutoff valve assembly. The relief portion is set between

10Z0 and .1070 psig. Should the re!iefvatve fail or not reseat prorerly, the

manual shutoff valve will isolate £?,e relief valve *;'unction from _he system.

Downstream O Z supply is also stored in a one-pound entry O 2 tar, k,

through a manual three-.way selector valve, a check valve, and a check

valve by_)ass. When the many.a1 selector valve is in the FILL position, the

entry O Z supply tank receives high pressure O Z through the check valve

bypass. When the tank is charged, i:he selector valve may be positioned to

OFF to isolate the tank supply, or to ON whereby the 02 tank supply may

augment the surge tank function. The check valve prevents a reverse flow

in case of entry O Z tank damage. An isolation check valve between the two

tanks prevents reverse flow and a nnanual va!ve permits charging PLSS

oxygen tanks from the ECS.

The 900k35..psig oxygen supply, from the cryogenic _anks, is regulated

to 100ml0 psig by the main pressure.' regulator asse;nbly illustrated in

figure Z° 7-1. The main pressure regulator asse_r_bly consists of a rnanual

selector valve, two regulators, and two relief _-nd cheek valves. NORMAL

position of the n;anual selector valve parallels the regulators. Pc_sition

No. 1 or No. Z setects its regulator respectively. The OFF position

isolates all O 2 suppl.-_ for the crew and. cabin. Should a regulator fail open,

the relief valve for that regulator will limit the pressure to !40 psig dov,'n-

stream and vent a maximum flow <f 0. 75 pounds per minute into the cabin.

This fault s.hould be corrected by selecting the alternate regulator only.

An oxygen flow transducer, downstream of the main regulator_

provides a signal to the flow ind-;cator, located on the main display console

panel 13, and the O 2 FLOW HI light° Although short periods of flow in

excess of 0.45 pounds per hour are considered normal, a continuous flow

rate between 0. 45 and 1.0 poun:t per houz should no2 be tolerated. Flow

rates above ]. 0 pounds per hour and for a period of 15 seconds and above

activate the red O Z FLOW HI warning light located on the caution and

warning (C&W) pane] 11. The 15-secend time deia.v prevents the 02 FLOW

HI light from iighting during O 2 flow require_:nents of the cyclic accumu-

!ators that remove water from the suit heat exchanger, and during transient

conditions. Continued flow rates in this range are indicative of cabin

leakage, O 2 supp!._ed subsystem leakage, or subsystem mismanagement.

[
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Figure Z. "7-1. Main Oxygen Pressure R'egulator

Connected to the !00_!0--ps_-g regulated pressure line is a fluid tank

pressure regulator and relief valve assembly, located on the OXXG'_

CONTROL PANEL No. 314. It consists of redundant pressure regulators

and relief valves which provide oxygen at regulated presst_re to the expu].-

sion bladders installed in the potable water tank, waste water tank, and the

water-glycol (W/Q) reservoir. Two four-position selector valves are

employed st the inlet and outlet, and enable isolation of malfunctioning

elements or complete shutoff as desired. The pressure .regulator is a

normally opened, diaphragm-operated poppet metering valve which

functions to reduce 100±10-psig supply pressure to Z0±Z-psig O Z pressure

to the fluid tanks, in relation to cabin pressure. The relief valve incor-

porated in the assembly outlet chamber functions to relieve O Z pressure in

excess of Z5±Z psig into the cabin.

Should a regulator diaphragm rupture, and is isolated by the inlet

manual selector valve, the manual outlet selector valve must also be

positioned to isolate the relief poi-ti6n of the failed regulator. Th_s

prevents a feedback from the alternate regulator flowing oxygen through

the ruptured diaphragm of the failed regulator into the cabin.

Should the selector inlet valve of the assembly be placed to.position i,

the selector outlet valve must also be placed to position l (or NORMAL).

If instead, the selector outlet valve were placed to position 2, the valve

port to pressurize the tanks would be closed, and the port to the relief

F_= .....
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valve would remain open. This permSts tl_e pressure relief function <)f the

valve to remain operative but prohibits subsequent tank pressurization.

Conversely, when the selector outlet valv.e is set to position 2, the selector

inlet valve must also be set to position Z (or NORMAL). The OFF position

of th.e in!et and outlet selector valves is normally for ground checkout;

however, if both pressure regulators malfunction during flight, the selector

inlet valve must be set to the OFF position. This eliminates the tank

pressurization function, but does not affect the pressure relief function. In

response to the possibility of both relief valves malfnnctioning, the selector

outlet valve must be set to the OFF position, This action will eliminate

both the pressurization and pressure relief functions.

The 100a:10-psig oxygen supply is controlled by the emergency cabin

pressure regulator, located on panel 314, to 15rovide increased oxygen flow

to the cabin, ahd prevent rapid decompression. The emergency cabin

pressure regulator consists of dual aneroid-operated, normaliy closed

valves to prevent overpressurization of the aneroids, and a manual four-

position se?ector valve with positions designated No. 1, No. 2, NORMAL,

and OFF. A PRESS-TO-TEST button, which closes the cabin pressure

sense port allows a fix bleed of 100 cc per rnin to pressurize an aneroid

chamber and drive the v_.lve open. Normally the 100_10-psig oxygen

supply to the cabin is controlled by the cabin pressure regulator assembly.

it consists of dual, aneroid-absolute type norrnal].y closed valves, and each

will deliver a minimum of 0. Z pound per hour oxygen flow a.t a cabin pres.-

sure of 5. 0±0.2 psia. Failure mode of the valve is normally closed. A

manual control valve nSay be opened and allow a minimum 6 pounds per

hour flow of O Z directly into the cabin for repressurization from 0.0 to 5.0

psia within one hour. The cabin pressure regulator and the emergency

cabin pressure regulator are associated with the cabin pressure and

temperature control subsystem (paragraph Z. 7o3. 3), Oxygen. distribution

at 100±10 psig is routed to a manually operated metering valve, for direct

flow into the suit inlet duct. !n the full open position, oxygen will flow from

0.6 to O. 7 pound per minute.

Downstream the dual suit demand pressure regulator and relief valve,

located on LHEB panel 310, compares suit compressor inlet pressure to

cabin ambient pressure. When the cornpressor inlet pressure is 2. 5 to 3. 5

inches of water pressure below cabin pressure, the demand regulator

controls O z flow into the suit circuit at flow rates up to 0. 007 pound per

minute. When the compressor inlet pressure is above Z to 9 inches of

water pressure above cabin pressure, the relief valve vents the suit

circuit gases to the cabin at a ma-ximum flow rate of 0.66 pound per minute.

Normally the compressor inlet manifold is regulated to an average of 6. 10

inches of water above cabin ambient pressure. When cabin ambient pres-

sure is less than 4 psia, a 100 ccm bleed within the demand regulator _s

used to maintain the suit circuit pressure at 3. 75±0. Z5 psia. With cabin

ambier:t pressure below 3. 5 psia and a 0. 66 pound per minute suit: ieakage_

the demand regulator should sustain suit circuit pressure at 3. 75±0. Z5 psia.

A four-position manual selector valve witi_ contro] positions designated as

No. !, No. Z, both, and OFF provides isolation of a fault. The demand pres-
sure regulator and relief valve are described in paragraph 2.7°3. 3.
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Oxygen regulated at 100a:10--psig pressure is used as a motive force il_

the removal of waste water from the suit circuit and then expelled into the

Suit heat exchanger. .,

Pressure Suit Circuit Subsystem.

' The pressure suit subsystem is a loop or circuit designed to supp]y a

conditioned atmosphere for a crew of three, whether they be in or out of

their PGAs The circuit provides fo" ventilation and cooling for the crew,.

the removal of carbon dioxide and odors, and the controlof relative t-ur'_idity_

Suit circuit pressure is maintained by controlling the amount of oxygen

entering the subsystem.

A supply-return hose assembly is connected between each crewmarJs

PGA and a suit hose connector assembly. This assembly consists of a com-
£1 V

bined supply-return connection. A three-position svit _.o\ control valve,

vehich diverts oxygen into the cabin when a c_-ewme_zcFoer is unst_ited, and a

check valve prevents return flow from the cabin.. Normal operation 5s to

disconnect the hose at the suit. There is also' a venturi--type flow li_nqiter,

located upstream in each supply line, to ]trait_ flow" to any one suit to a n_a>:i-

mum of 0. 7 pound per minute. During the time a c:rew_ernber is in the

shirtsleeve mode, the flow control valve is positioned to permit suit: circuit

f].ow into the C/M cabin, through the suit hose, which is removed at the PG.A

connection. The return section of the suit hose is capped to prevent cab_-n

gas flowing into the suit circuit when crewmen remove their suits.

Cabin gases are returned .to the suit circuit for removal of carbon

dioxide, odors, heat, and moisture. These gases e_,ter at the su_t .... ";*

return air valve assembly, whict- consists of two check valves in series,

and a manual shutoff valve for isolating the suit circuit if the cabin becomes

contaminated. The combined cabin and suit circuit atmosphere first P_ows

through the debris trap, where small particles of solid matter are removed.

The trap contains a bypass valve in the event the filter screen becomes

clogged.

Two suit compressors, connected in parallel, maintain circulatior_

within the suit circuit. NormaJly only one compressor is operated at a

time; however, both may be operated for a small advantage in sensible heat

remova_l with a large increase in power consumptior_ in all cases except

prelaunch, or when the three crewmembers are unsuited in a 5-psia

pressurized cabin. A differential pressure transducer between the inlet

and outlet manifolds of the compressor supplies signals for indication on

the main displz_y console (panel !3). Con@ressor output is dependent on the

mode of operation. In normal space operation, the operating compressor

delivers approximately 35 c_bic feet per minute of suit gas at: a Fressure

rise of 10 inches of water within the condition of 4. 93 psia and 88°F. Yfhen

the cabin is unpressurized, the operating compressor delivers approxi-

mately 34.5 cubic feet per minute suit gas at a pressure rise of 6.9 inches

of water when inlet conditions are 3. 5t psia at 85°F.
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The suit demand pressure regulator (figure 2.7-2) controls suit

circuit pressure _.n nor'real and emergency modes. It supplies oxygen to the

suits whenever the suit circuit is isolated from the cabin, and during

depressurized operations. It also relieves excess gas to prevent over-

pressurizing the suits.

The regulator consists essentially of two redundant demand regula-

tors,, and a relief valve, A selector valve is provided for selecting either

or both regulators. Normally both are in operation.

Each regulator section consists of an anerold control, and a differen-

tial diaphragm ho'osed in a referenc{_ chamber. The diaphragm is connected

by a rod to the demand valve. The den_and valve will be opened whenever a

pressure differential is sensed across the dJaphregrn, In operation there is

a constan_ bleed flow of oxygen from the supply into the reference chamber,
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Figure 2. 7-Z. Oxygen Demand Pre,_sure Regulator a_d Relief Valve
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around the aneroid, and out through the control port into the cabin. As long ,

as the cabin pressure is greater than 3.75 psia, the flow of oxygen through

the control port is virtually unrestricted, so that the pressure within the

reference chamber is essentially that of the Cabin. This pressure acts on

the upper side of the diaphragm, while suit pressure is applied to the under-

side. The diaphragm can be made to open the demand valve by either

inc'reasing the reference chamber pressure, or by decreasing the sensed

suit pressure.

• d
The increased pressure mode occurs during depressur:Lze operations.

As the cabin pressure decreases the aneroid expands. At 3. 75 psia the

aneroid will have expanded suffiziently to restrict: the outflow of oxygen

through the control port, thus increasing the reference chamber pressure,

Decreased suit pressure mode occurs whenever the suSt circuit is

isolated from the cabin, and cabin pressure is above 5 psia. In the process

of respiration the crew will exhale carbon dioxide and water vapor. ]in

circulating the suit gases through the COz-odor absorber arid the suit heat

exchanger, the CO Z and waeer are removed. The removal reduces the

pressure in the suit circuit, which is sensed by the regulator on the under-

side of the diaphragm. When the pressure drops approximately Z inches

I-IzO below cabin pressur.e, the diaphragrn will open the demand valve.

The regulator assembly contains a poppet-type relief valve which is

integral with the suit pressure sense port. During operations when the

cabin pressure is above 3, 75 psia_ the relief valve is loaded by a coil

spring w1_cb allows excess suit gas to be vented whenever suit pressure

rises Z to 9 inches I-IzO above cabin pressure. When the cabin pressure

decreases to 3. 75 psia, the reference chamber pressure is increased by

the throttling effect of the expanding aneroid. The reference chamber

pressure is applied through ducts to two relief-.valve loading chambers

which are arranged in tandem above the relief valve poppet. The pressure

in the loading chambers acts on tandem.diaphragms which are forced

against the relief valve poppet. The relief portion of the valve is thus

increased to 3. 75 psia plus Z to 9 inches HzO.

i"

Two parallel COz-odor absorber canisters, downstream of the suit

compressors, function in the removal of carbon dioxide and odors. A

removable filter within each canister contains sufficient lithium hydroxide

(for CO Z removal) and activated charcoal (for odor removal) to last 1,5

man-days of operation. This operational limit requires each filter be

changed, on an alternating basis, every IZ hours. An _nterna] bypass is

incorporated within each filter to furnish the req_dred flow during the ECS

emergency mode (cabin depressurized), but re,ill.also increase the flow

under normal conditions, Although 50 percent of the flow is per:nitted to

bypass the lithium hydroxide, the total flow must pass through the charcoal

lilte r.

! - .
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The COm.-odor absorber filter change sequence involves numerically

identified fillers and alphabetically identified filter stowage containers.

Although the filters are replaced in numerical sequence, the stowage con-

lathers arc not opened in alphabetical sequence relative to filter replace-

mont. Ocld-numbered filters will always be installed in suit circuit

canister A (upper) and even-numbered filters installed in canister I% (lower).

After the proper filter stowage container is located by the crewman, the

corrc_ct filter is obtained and the filter change accomplished. The used

filter is then stowed in the container from which the unused replacement

came. Where two filters are stowed one above the olher, the used filter

_vil] always be placed belo\v the remaining _:rmsed f]l_er, This provides a

more readily accessible unused filter at the next IZ-hour rep!acen_,ent

period. Filter replacement data, such as filter number and rots:zion time,

is recorded by the crew in the Nighc log,

A diver[er v_tlve located at the canisters inlet is normally positioned

to direct ha,{ flow through hoN_ filters. In conjuncti6n with check valves,

located at each canister outlet, repositioning the diverter valve isolates an

expended fi]tero A manua!].y operated ver,,t valve for each canister e.l!ows

equalization to cabin pressure prior to the removal of a filter.

Suit circuit gases, upon leaving the COz-odo r absorber canister

assemb]y_ are at a higher temperature and humidity level than at apy other

point in _he suit circuit. Heat has been generai:ed in flowing through the

compressoJ, s andN_.e canister assembly. Also, the already i_urnid gases

have picked up additional n-_.e_sture due to cbe,-n;c_l -_o_ction betwee_ the

carbo_; dioxide and lithium hydroxide, The suit heat exchanger removes

this heat and humidity from the suit gases.

Normally the heat transfer fluid, v,,a_;er-glycol, Nowing through the

suit heat exchanger red,novels the suit circuit heat loads to space through

space radiators. A water-glycol evaporator supplements heat transfer

when the space radiators are inadequate_ A suit evaporator (part of the

suit heat exchanger) is provided and used only in the ev¢nt of an emergency.

con.(_t_on_ the suit evaporator controls are to remain in theUnder all od_er _'-' "

OFF posW_tion. The control switch (SUIT EVAP, AUTO -- MAN, located on

panel !3) controls e].ectr_eal power to the system. This operational change

will not impose added constraints on the mission; howeve-c, if the water-

glycol evaporator should fail when it is required for cooling of electronic:s,

etc., this would be sufficient cause to terminate the mission°

Should the ability of the suit evaporator system demonstrate proper

operation, the control switch would be placed to the AUTO positio__o When

wa!er-g]ycol inlet temperatures to _he suit heat exchanger exceed 52°F or

the outlet temperatures of the suit circuit g_ses frorc; Ihe heat exchanger

exceed 60°F, the suit heat exchanger is bypassed by the water-glycol flow

through a diverter valve. When the automat!c-controlled diverter valve is

in the full bypass position, an integral switch _n the diverter valve assembl 7

is activated. The diverter valve switch activates the suit evaporator steam

pres'sure control unit. Th,5 correct steam duct pressure is augomatical!y

b:_

F'
L

]-;NVIRONMEN T A L CON T RO I_ SY S3.U:; _<4

Basic Date IZ Nov 1966 Ch-_n[{,. Date ....................... Page Z.7-10



+,:,_

SMZA-03-SC01Z

APOLLO OPERATIONS I-IANDBOOK

SYSTEMS DATA

B

B

Z. 7.3. Z.I

established for a given temperature error by the steam pressure control

unit_ pressure transducer, and the steam pressure control valve. Initial

opening of the steam pressure control valve causes a switch in that valve

assembly to activate the wetness control unit. Water inlet through a ,

solenoid valve to the suit evaporator is automatically controlled by sensing

the suit evaporator wetness and the temperature of the suit gases at the

heat exchanger outlet. When suit gas temperatures re1:urr to normal, the

evaporator mode is sequencially deactivated and water-glycol flow is

re-established. By overriding the suit gases temperature sensor at the

outlet of the heat exchanger the system may also be activated, providing

the SUIT EVAP control switch is in the AUTO position, Simulated high heat

load is initiated by the SUIT >IT EXCI_I switch (LHEB -310).

As the moisture-laden suit gases are cooled, condens_ztion takes

place within the heat exchanger. This moisture is absorbed by a wick-like

material, removed by capillaiy action and the suction of the ttzO accumu-,

].ator, and pumped into the waste water system,

The two accumulators are automatically controlled, self-cycling,

reciprocating pumps. Oxygen at !00:I-I0 psig periodica].ly activates the

pumps on the expulsion stroke, while a return spring is utilized for the

suction stroke. Only one accumulator can be operated at a time with the

second for standby use in the event of a malfunction. A manua] backup

mode of accumulator operation is also incorporated. Following the dis- ,__.<_.':

charge of suit circuit gases from the suit heat exchanger, the normal fl0w [

is to the three suit hose connector assemb].ies. A suit flow relief valve is !

-incorporated in the bypass line between the outlet of the suit heat exchanger }_.:_,...__

and the inlet to the suit compressor. The valve opens at a .5.P ol 5.0+0.Z

in. HzO and automatically maintains a nearly constant flow in the event
of suit circuit flow resistance fluctuations.

CO Z Sensor.

The CO Z sensor, situated between the inlet and outlet manifolds of

the suit circuit, is a compact unit that operates on the infrared absorption

principle. The unit measures the amount of infrared energy absorbed by

the CO Z in the atmospheric sample passing throug]_ the sensor. This is

accomplished by comparing two different wavelengths in the infrared

spectrum. One wavelength is absorbed by COz, while the other acts as a

reference. This establishes a ratio signal which is amp!ifiecJ and reads out

as a d-c voltage proportional to the partial pressure of CO Z in the sample

gas.

i!ii •

iI

The sensor is divided into the optics section and the eIectronics

section. The optics section includes an infrared energy source (a small

tungsten filament lamp), and optical lenses and mirror for focusing the

beam through two wavelength filters and the atmospheric sample onto a

detector. Both wavelength filters (4, 3 microns for sampling and 4.0

microns for reference) are attached to a tuning fork which vlbrates at

ENVIRONMENTAL CONTROL SYSTEM
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600 cycles per second. The f_iters move back and forth across the focused

light beam, alternately transmitting energy at the sample and reference

wavelengths.

The basic purpose of the electronics section is to detect and trans-

form signal information. Miniaturized components are mounted on seven

printed circuit boards, which accornplish all the electrical functions.

These functions inclx_de supplying the power for the infrared source lamp

and the operation of the tuning fork, the detector, and the various pream-

plifiers and amplifiers. The output signal activates the CO 2 PP I-IIsystems

status light (MDC-!I) and the CO 2 PART PRESS indicator (MDC-13).

Gas Chromatograph.

The gas chromatograph is an item of GFE that is installed in several

of the Apollo ]Block I spacecraft for flight qualification purposes. The unit

is capable of identifying and measuring the co_centrs:tions of Z8 gas compo-

nents, and the resulting data is then telemetered to Ivi'SFN. This compact

item of equipment is installed in the L.EB, and it interfaces the inlet and

outlet manifolds of the suit circuit in the LHEB.

The gas chromatograph operates on the basic principle of routing

samples of the suit c_rcuit and/or cabin atmosphere through three separate

capillary columns and detectors. Low-pressure helium is used as the

carrier gas for the sample streams. The helium st.tpply, even under

continuous demand, will last the length of any proposed mission. The

he]iun: is stored i;;.a reservoir at 6000 psig and is regulated to Its norn_ai

working pressure of 4Z psia. In the event of regulator malfunction, pres-

sure relief is provided by a ZOO-psig rupture disc. Each capillary column

and detector identifies a specific number of gas components. One colun_n-

detector will identify five of the permanent gases; namely, hydrogen, nitro-.

gen, oxygen, methane, and carbon monoxide. Another is concerned only

with the separation and detection of ammonia, carbon dioxide, and water.

The third column-detector identifies Z0 trace contaminants listed as

follows: Freon I!, metl_yl alcohol, methylene chloride, ethyl alcohol,

benzene, P-dioxane, acetone, hydrochloric acid, hydrogen sulfide, ethylene

oxide, isoprene, diethyl sulphide, nitrogen dioxide, ethylene glycol, vinyli-

dene chloride, methyl chloroform, acetylene, dimethyl sulfide, Freon i14,

and i, 1 trichloroethane.

Cross-section ionization-type detectors are used in conjunction with

the three columns for gas component identification. The output current of

the detectors produces a minimum-strength signal that must be greatly

amplified, then conditioned for telemetry. The capillary columns, the

detectors, and the electrometer amplifiers are housed in an oven, the

temperature of whici_ is maintained within a very close tolerance. The

balance of the electronics, installed-in a separate package, consist of a

transformer, a programmer, and a regulated power supply. Solid-state

circuitry is used exclusively throughout the electronics of the unit,
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The gas chromatograph will complete one identification cycle in

approximately 80 minutes, regardless of the sampling mode selected.

Samples are taken from the suit circuit atmosphere, the cabin atmosphere,

or from each atmosphere on alternating cycles depending on the positioning

of a selector switch located on the LEB panel 120. The selector sw_tch may

be positioned to CABIN AIR/AUTO/SUIT AIR by command.

The gas chromatograph is serviced and in6talled by ground support

personnel prior to flight crew ingress°

A three-position START/OFF/PREHEAT switch, controls power for

operation, and must be placed to the PREHEAT position for a minimum of

80 minutes before switch is set to START. A push-type switch, ANiPL-

CAL, for bench calibraZion only and the STA .RT/OFF/PREHEAT switch,

are located on panel IZ0.

During the mission, the fligh_ crew will .not be required to make

control adjustments "_o the unit unless directed to do so by MSFN. During

descent, the rernaining helium in the reservoir is dumped into the cabin by

the action of a pyro valve inside the unit. A full tank (abort condition) can

be emptied in a maximum of 3 minutes. Pyro valve initiation is si_ulta-

neous with the C/M-P_CS propellant purge operation,

Cabin Pressure and Temperature Control Subsystem.

The pressurization and tem.perature control of t]_e C/M ca.bin are

primarily automatic functions with manual backup an_ override modes

provided. Cabin pressurization is maini:ained by th_ cab]r_ pressure _ceg_-

lator assembly (figure Z. 7--3). This unit consists of dual regulators and a

manual repressurization valve operated by a knurled knob. Both regulators

operate simultaneously as there is no selector valve incorporated and no

off position. The regulators automatically maintain the cabin at 5a:0. Z psia

during normal conditions and at a maxim_m oxygen flow rate of I. 3 pounds

per hour. ]f the cabin should become depressurized for any reason_ the

regulators close at a pressure of 3.5 psia to conserve oxygen. The manual

valve, with a maximum flow rate of 7. Z pounds per hour, may be adjusted

to maintain cabin pressure in event of regulator malfunction. However, ic

is primarily used to repressurize the cabin following decompression,

requiring approximately i hour to raise the cabin pressure back to 5.0:_-0. Z

ps_a.

An emergency cabin pressure regulator assembly (figure Z. 7-,I) will

flood the cabin with oxygen to prevent rapid decompression in the event of

cabin wall puncture. As cabin decompression is hazardous to life only when

a crewman is in the shirtsleeve mode, the regu!stors are not selected for

use until just prior to a crewman removing his PGA. The regulator

ENVIRONMENTAL CONTROL SYSTEM
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assembly consists of a four-posltion manual selector valve and two redun-

dant regulators which, when selected for use, automaZ_cs_iiy open when the

cabin pressure drops to 4.5_-0. l psia. The emergency cabin pressure

mode of 3.5 psia is contingent upon Apollo design limits and meteorite tests

and allows unsuited crewmen time to don their PGAs. This minimum pres-

sure can be maintained for 5 minutes, providir.g that meteor'ite holes do not

exceed the total equivalent area of a hole 0.5 inch in diameter. At the end

of this time, the pressure will drop more rapi¢_ly, going to g.0 psia in

I0 minutes and to i. 0 psia in 15 minutes.

The dual cabin pressure relief valve (figure 2.7-5) provides positive

and negative pressure relief for the cabin throughout the entire mission.

Although they function automatically, cable-operated manual override

controls, located on panel 307, are provided for adjustments during flight

to close relief valves for a malfunction, or to prevent ._-eawater inflow

during postlanding phase and ground checkout procedures, When the cabin

pressure beco_es higher than the ext'ernal ambient pressure, the relief

valves limit the differential pressure to 6 (+0. Z, -0.4) psi. During the

ascent phase, this differential pressure may go as high as 7.0 psi for a

short period of time. Conversely_ when the cabin pressure becon_es lower

than the external ambient pressure (as during descent), the relief valves

limit the differential pressure to a maximum of 25 inches of water. The'

assembly is located in the steam duct overboard line which provides the

means of venting _he positive and negative cabin pressures.
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Figure 2. 7-4. Emergency Inflow Regulator

Vent_q.ation within the C/},_ _s provided by dual fans, which circulate

cabin gases through the cabin heat exchanger° Normally, both cabin air

fans are selected by the crew for simultaneous operation. If either fan

malfunctions or is shut down for any reason, a closure (cover) is manually

installed over the inlet of the inop.erative fan to prevent backf].ow. A cabin

air control louver, located at the outlet of the cabin heat exchanger, is

manually adjusted for directional flow of.gases within the cabin.

Although cabin temperature control is norma].ly an automatic function,

resort to manual backup and override modes of operation may be utilized.

Cabin gases are heated or cooled by their drculatlon through the cabin beat

exchanger, which uses water-glycol as the heat transfer medium. A cabin

temperature control unit compares a desired temperature, selected by t}_e

crew, to the temperature that is sensed at the inlet to the cabin air fans.

Any difference results in a signal that repositions the motor-operated cabin

temperature control valve. This valve regulates the amount of hot or cold

water-glycol flowing into the cabin heat exchanger. At each end of valve

full travel, the total hot or cold flow is routed through the heat exchanger;

whereas, at intermediate valve positions, the water-glycol flow through the

heat exchanger varies. A cabin temperature anticipator, located at the'

cabin air control louver discharge, senses the temperature rate of change

and signals the cabin temperature control unit, preventing overcorrection

by the control valve.
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Figure Z, 7-5. Cabin P_'essure Relief Valve

Ventilation during the post!andi.ng phase is accomplished by circulating

outside ambient air _hrongh the cabi,_:, All of the equlpmer-t neceL, su, ry to"

carry out this function (other than controls) is located on the C/M forward
tunne! cover, Outside air is drawn into the cabin through an in!et duct

containing a shutoff valve and fan. The inlet duct includes a flexible exten-
sion for promoiJng more efficient ventilation, After circulatingwithin the

cabin, the air is expelled overboard through an adjacent outlet duct and
shutoff valve, Both motor-operated shutoff (vent) valves and the vent fan

are controlled by the VENT FAN switch on MDC..Z5. High- or low-speed

fan operation is availab!e, and either switch position will simultaneously
activate the fan and. open the cabin vent valves. An assembly consisting of

a pendulum-type attitude sensing switch and an adjacent override control
switch (PLVC) are instal.led in the LHEB. The pendulum is free to move

only in the Z-axis. Should the C/]vi roll beyond a specified lin_it or become
inverted (stable II condition), the attitude sensing switch activates the cabin

vent valves to the closed position to prevent water .ingestion. If all efforts
to zeturn the C/M to the upright (stable I} condition should fail, the PLVC

switch (I,HEB-141) is set to OPEN, This overrides the closing action• of

the attitude sensing switch by opening both cabin vent valves and flooding

the forward portion of the C/M. The pressure on the tunnel hatch then

becomes equalized, thus a.llo'_ing its removal for the escape of the crew.
The PLVC switch +may also be used'to open the cabin vent va].ves if the

attitude sensing switch should fail after having closed the valves. In order

to prevent the inadvertent opening of the vent valves in flight, two precau-
tions are taken. A lockpin is installed in each vent valve, ap+d the circuit

:<

:!-#
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breaker applying power to the PLV system is not engaged during flight.

Therefore, before the PLV system can be operated, the lockpins must be

removed (pulled out approximately 0.5 in.) prior to CSM separation and the

applicable circuit breaker engaged after landing.

Water-Glycol Coolant Subsystem.

The water-glycol coolant subsystem is a closed loop through which an-

aqueous ethylene-glycol mixture (water-glycol) is continuously circulated.

The mixture ratio by weight consists of 6Z.5 parts of glycol to 37. 5 parts off

water. Basically, the subsystem provides a heat transport _uid loop for

the cabin atmosphere, the suit circuit atmosphere, the electronic equip-

ment, and a portion of the potable water. It also serves as a source of heat

for the cabin atmosphere when required. All of the unwanted heat absorbed

by the water-glycol is transported either to the space radiators, where _t

is radiated to space, or to the water-glycol evaporator, where it is rejected

by the evaporation of water_

The water-glycol (W/G) evaporator outlet temperature must be main-

tained between 40 ° and 43°F (nominal 41.5°F). Sensed at the W/G

evaporator inlet" from the space radiators W/G temperatures between 4Z.9 °

and 45.9°F (nominal 45°F) activates the automatic mixing valve control

system (figure Z. 7-67. High-temperature W/G from the water-g]yccl pump

is mixed with the lower W/G temperature from the space radiators to main-

rain the evaporator outlet nominal temperature of 4!_. 5°F. The manual

override for th_ mixing valve is located on the coolant control panel 311

(GLYCOL EVAP TEMP IN) and a switch located on panel 13 allows selec-

tion of AUTO or MAi'_ operation.

I

Three lines from the water-glycol pump assembly are paralleled to

the water-glycol evaporator inlet. The aforementioned oxygen supply

capillary restrictors are wound around the line routed to the space radiators

and relief valves. The other line is routed to the mixing valve. To insure

proper operation of the oxygen supply restrictors, in the line between the

cryogenic O Z storage in the S/M to the surge tanks in the C/M during cabin

repressurization, full water-glycol flow through the line to the space

radiators is required. Sufficient heat must be available to prevent cryo-

genic oxygen entering the C/M oxygen system and preclude the possibility of

freezing the water-glycol. To achieve this, the mixing valve must be

manually placed to the full closed position 15 to 30 minutes before repres-

surization and remain closed until the surge tank returns to maximum

pressure after repressurization of the C/M.

High-temperature water-glycol between 48 ° and 50.5°F from the

space radiators and sensed at the evaporator inlet initiates the water-glycol

evaporator temperature control system_ Once the evaporator mode is

initiated by the evaporator inlet sensor, an evaporator outlet sensor

supplies the controlled variable signals to the controller. If a heating

temperature error is sensed by the evaporator outlet sensor, the steam

pressure valve begins to open and repositions at a velocity proportional to
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the temperature error. Evaporator wicks are maintained in a wet condition

to provide immediate boiling when the steam pressure valve is opened.

Should the steam pressure drop below 5. 0=_0.2 mm Hg abs, a pressure

switch overrides the temperature signal and closes the steam pressure

valve. The override pressure switch provides adequate pressure margin

above the freezing pressure of 4. 58 n_.m Hg abs. A switch in the steam

pressure valve assembly is activated when the valve is initially cracked

open. The switch activates the wetness control for replenishing water to

the evaporator through a water-solenoid control valve. Signals from the

wick temperature sensor are indicative of the relative wetness of the evap-

orator wicks. As water evaporates, the wick sensor temperature increases

and exceeds an evaporator inlet reference sensor signal and cycles the

water control valve open. The reference input sensor varies the control as

a function of heat load to maintain the desired wick temperature with no

water carryover into the steam duct. When the evaporator -wicks become

replenished with water, the wick sensor temperature decreases and

approaches the saturation temperature corresponding to the steam pressure

and cycles the water control valve closed. The water control valve con-

tinues to cycle as long as water-glycol cooling by water evaporation is

required.

The steam pressure control valve can be electrically repositioned to

control the steam pressure for 40 ° to 43°F outlet glycol temperature using

the pressure monitor indicator (panel 13, GLY EVAP-OUTLET TEMP).

The control switches (GLYCOL EVAP - STEAM PRESS) must be placed to

the MAN position, and then to iNCR for open and DECR for closing the

steam pressure valve. The H20 FLOW switch (panel ]3) should be in the

AUTO position for the autornatic wetness control to be effective. Should the

wetness control fail, the water inlet control valve can be energized open by

placing the HzO FLOV¢ switch to O]_T. When operating in this rhode, a

portable indicating unit should he used to prevent water carryover into the

steam duct. The portable indicating unit consists of a four-position

selector switch for selecting OFF, WICK TEMP., EVAP INLET TEMP.

AND NUL. The unit has its o\v_ 175-hour battery-operated power supply.

WICK TEMPERATURE indicator markings are 40 ° to 70°]7", WATER-

GLYCOL INLET TEMPERATURE indicator markings are 40 ° to 100°F,

and the NUL indicator markings are a red line across the midlength section

of the dial face and is marked above the red line on the dial WATER ON, and

below on dial WATER OFF. A water control tabulation chart (figure Z. 7-7)

for operation of W/G evaporator in the manual mode, is provided showing

wick temperature versus inlet glycol temperature. The portable indication

unit should also be used when manual water bypass control valve (GLY

EVAP WATER CONTROL BYPASS panel 317) is used. The portable indi-

cator unit will connect to J39 (panel 311). The main wa_-er-glycol flow next

enters the cabin temperature control valve, where it is routed either to the

cabin heat exchanger or to the remaining thermal coldplates. The action is

dependent upon the temperature control unit, which automatically controls

the movements of the motor-operated cabin temperature control valve. The

valve is so construcfed that in the cabin full cooling mode, the total flow of

cool water-glycol (167 pounds per hour) is routed first through the cabin

[
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Evaporator Inlet

Temperature Sensor

(°F)

40
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42

43

• 44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

6O

61

62

63

64

65

66

67

68

69

7O

Wick Temperature

Sensor

(°F)

41 62

42 13

42 65

43 15

43 65

44 14

44 63

45 11

45 58

46 04

46 50

46 95

47 39

47 82

48 25

48 67

49. O8

49.49

49.89

50.30

50.39

51.07

5i. 45

51.83

52.20

52.56

52.92

53.27

53.62

53.96

54. 30

Evaporator Inlet

Temperature Sensor

_)

71

72

73

74

75

76

77

78

79 °

80

81

82

83

84

85

86

87

88

89

9O

91

92
93

94

95

96

97

98

99

100

63 ratur I'

Wick Teynpe

Sensor

(°F)

54

96

28

60

91

21

51

80

08

37

66

93

19

4,5

71

54

55

55

55

56

56

56

57

57

57

57

58

58

58

 8.96
59.21

59.46

59.71

59,94

60.17

60.40

60.63

60,85

61.06

61.28

61.49

6)..69

61.90

62.10

Figure Z. 7-7. Water Flow Control Chart

heat exchanger and then through the thermal coldplates. In the cabin full

heating mode, the total flow is routed through the thermal coldplates first,

where the water-glycol absorbs heat, and from there flows through, the

cabin heat exchanger. The intermediate valve positions are for the partlal

cooling or partial heating modes° In the intermediate positions, the quan-

tity of cool or warm water-glycol flowing through the heat exchanger is

reduced in proportion to the demand for cooling or heating. Although the

amount of water-glycol flowing through the cabin heat exchanger will vary,

the total flow through the thermal coldplates wilI always be Z00 pounds per

hour. (See figure 2. 7..8,) An orifice restrictor is installed between the

cabin temperatt:re control valve and the inlet to the coldplates, its purpose

is to maintain a constant flow rate through the coldplates by reducing the
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heating mode flow rate to that of the cooling mode flow rate. Another

orifice restrictor, located in the coolant line from the IMU, maintains a

constant flow rate through this component regardless of system flow

fluctuations.

The total flow leaving the cabin temperature control valve enters the

water-glycol pump assembly which provides the continuous coolant circu-

lation within the subsystem° The assembly consists of two water-glycol

pumps, two pul-op outlet check valves, a full-flow filter, an accumulator,

and an accumulator isolation shu._off valve. The two pumps, mounted in

parallel_ can only be operated one at a time with the second pump for

standby redundancy. Each pump outlet check valve prevents coolant back-

flow through the nonoperat_ng pump. Water-g]ycol entering the assembly

first passes through _he full-flow filter before reaching the pumps. There

is also a side passage that leads to the accumulator°

The purpose of the accumulator is to maintain correct pump inlet

pressure and to compensate for small amounts of leakage and/or thermal

expansion/contraction. The manual shutoff valve in the side passage J.s

closed to isolate the accumulator in case of a punctured bellows, which

would permit the coolant to leak into the cabin, causing contamination, if

the water-glycol accumulator, quantity indicator on the main display console

shows a steady decay to zero, a ]eak in the water-glycol system is the

probable cause. However, an indication showi_g a slow steady decrease_

which s_ops at a point above zero, is probably due to thermal contraction

indicath_.g the water-glycol temperature is below the nonqina! range.

Located do-vnstrcam of the ,'aump assembly is the ......,_te_-g.yco:.'- _ purnp outlet

pressure transducer which measures the static pressure of the water-glycol.

at the pump outlet, thus giving an indication of pump performance.

At this point in !he subsystem_ the ten'_perature of the water-glycol

has greatly increased due to the absorption of the various heat loads. The

total flow of hot water-glycol is routed through a passage in the s_eam

pressure control valve to prevent ice from forming within the valve opening.

Icing at this location could result in valve malfunction and/or blocking of

the steam duct. To prevent ice from forming at the outlet of the steam

duct, two redundant electric heaters are used. The two 3-watt heater

elements inside the duet extend approximately 8 inches upstream from the

outlet.

The water-glycol next flows to the water-glycol evaporator inlet

temperature control valve (previously described). The hot water-glycol

that is not used for mi:_ing by this valve is routed to the space radiators for

cooling. Any pressure losses in the space radiator circuit, regardless of

the number of radiators in operation_ will be limited by l:he action of the

dual water-glycol pressure relief valves. These two valves are in parallel

and are located between the inlet and outlet lines of the radiator circuit.

Just upstream of each pressure relief valve is a manual shutoff valve, By

controlling the shutoff valves, one relief valve at atime is normally

selected for use with the second for standby redundancy. When a _P of
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Ii psi is reached, the relief valves open to bypass coolant to the radiator

return line, closing at a Z_P of 8. 5 psi. In order to preserve the water-.

glycol closed loop, the relief valves function as a bypass when all space

radiator isolation valves are closed or when the water-glycol radiator_ shut-

off valve is closed. This is a manual shutoff valve thai: controls the flow of

water-glycol from the C/M to the S/M. It is placed to the closed position

shortly before CSM separation to prevent the coolant in the C/M from

flowing overboard after separation°

Two space radiators with an area of 30 square feet each are located '

on opposite sides of the S/M in sectors Ii and V. Each radiator panel

contains two _eparate sets of tubes. The flow of water-glycol through the

four tube circuits is individually regulated by a motor-operated radiator

isolation valve located on the inlet side of each tube circuit. The four

valves are remotely controlled fro,n the C/M and give the crew some

degree of latitude in their selection of cooling area. However_ the pri:__.ary

purpose of the valves is to isolate tube circuits should they develop leaks.

A check valve in each tube circuit outlet line prevents _he backflow of

coolant from entering any radiator tube circuit that is leaking. Freezing

within the radiators is the point at which flow ceases, and may be prevented

by maintaining the inlet temperature above 75°F. This temperature is

obtained on the AUX DC VOLTS meter (RHFEB-.Z00) or from MSFN if the

crew is unable to leave the couches.

The water--glycol, after leaving the space radiators and re-entering

the C/M, flows through a capillary restrictor. This is placed in the !inc to [

make the pressure drop through the radiators con_patible with that through _ _:o,.

the water-glycol temperature control valve during £he mixing n_ode. Upon

leaving the restrictor, the water-glycol flows through two check valves in

series. These valves prevent coolant from flowing overboard following

CSM separation. A temperature sensor, ]ocated betweer_ these check

valves, gives an indication on the main display console of ihe tempe._-ature

of the coolant leaving the radiators. The indicator is located on _vIDC-13.

Under normal space flight conditions the water-g!ycol reservoir is

isolated from the coo]ant subsystem by the proper positioning of three

glycol reservoir manual shutoff valves. The water-glycol reservoir inlet

and outlet valves are closed, and the reservoir bypass valve between the

inlet and outlet lines is opened. During the prelaunch and ascent phases,

however, the position of these _hree valves is reversed to permit coolant

flow through the reservoir. The one gallon of water-glycol contained in the

reservoir is then utilized as a heat sink, which becomes necessary during

the ascent phase. The space radiators are not effective during ascent and

evaporative Cooling takes place only after the ambient pressure reaches

0.05 psia, which is appro×imateIy 150, 000 feet altitude (T + 2 minutes and

i0 seconds).

/

If a water-glycol leak should occur, the coolant subsyster n may be

refi]led from the limited supply in the water-glycol reservoir after the

leak is isolated. The glycol reserve shutoff valw_, located in the line from
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the reservoir to the inlet side of the pump, is used for this purpose. As

the reservoir contains a bladder [hat is under Z0_=Z psig oxygen pressure,

positive expulsion of the coolant is assured. The pressurized reservoir

may also serve as an accumulator for the coolant subsystem, if the regula_r

water-glycol accumulator becomes inoperative and is isolated° The i]ow of

water-glycol, either through the reservoir oi" bypassing it, next enters the

water-glycol evaporator (previous].y described), thus completing the coolant

loop.

During pre]aunch operations, the _ow of temperature-controlled

water-glycol is furnished by GSE through lines connected to the fill and vent

couplings in the _/'_'M. The solenoid-operated water-glycol shutoff valve,

upstream of the oudet coupling, is contro!]ed at the GSE and is opened to

permit coolant flow through the spacecraft loop andback to the GSE.

Water Supply Subsystem.

The primary function of th.e water supp]?- subsystem is the storage and

collection of potable and waste water° Potable water produced by the fuel

cells and waste water recovered from the suit he, at exchanger water separa-

tot are stored in separate tanks in the C/M. Supp].ernenting th_s supply are

two water tanks in the S/M that c::.ntain potable water for refilling the C/M

potable water storage tank. 'rli.e water supply subsystem also supplies hot

and cold potable water to the crew and waste water 'co the water-g].ycol

evaporator and suit heat exchanger for evaporative cooling.

The water produced by the fuel cells in the S/M is a steady source of

potable water and is stored in a 36-pound capacity tank located in the aft

compartment of the C/M. The tank, which contains a bladder, is pressur-

ized with oxygen at Z0±Z psig by the tank pressure regulator and re]ief

valve assembly, thus assuring positive expulsion of flu'_d. Fuel cell water

flows into the tank at a potential pressure of approximately 6!. 5 psia. which

is high enough to overcome the tank pressure.. The potable water tank may

be serviced before flight by the manually operated servicing valve, which is

also in the aft compartment and not accessible to the crew. A quantity

indicator" on the main display console gives the measurements obta-_ned by

the tank quantity transducer. Located in a water line between the rue] cells

and the potable water tank is a check valve and the potable tank inlet shutoff

valve. The check valve prevents any reverse flow of potable water. The

shutoff valve, when closed, prevents fuel cellwater that has become con-

taminated from entering the C/M potable water network.

Temperature-controlled potable water is avail.able to the crew fron_.

two cornpor)ents wi.thin the C/M. Cold water, which is nnaintained to 50°I ``

(at the water chiller), is available at both the food preparat._on water supp]y

unit and 21_e water delivery unit. ttot v-ater, however, is available only at

the food preparation water supply up.it. This component utilizes a small

tank with an electric heater to raise the water temperature to 154°m4°F,

By selecting the ,proper valve, hot or cold water ismetered out for food

reconstitution or other crew needs., The water delivery unit is used by the

>.b
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crew exclusively for drinking purposes, It consists of a housing containing

a coiled flexible tube and a water delivery valve for use with the individual

mouthpieces of the three crewmen. Upstream of this uni_ is the drinking

water supply shutoff valve that is closed if the water delivery valve s_ould

leak.

' Waste water collected from moisture condensate within the suit heat

exchanger is drawn into one of the cyclic accumulators, and from there

pumped into the waste water network. If, however, there is a water demand

by either the water-glycol evaporator or the suit heat exchanger evaporator_

the waste water flows directly to the water control, valve of the appropriate

evaporator. The 56-pound capacity waste, water tank contains the pressur-

ization and quantity measuring features of the potable water tank. A

servicing valve is located on the water coetrol panel in the C/M cabin and,

therefore, is accessible to the crew, if necessary.

Although waste water never enters the potable water network, potable

water may enter the waste water network under certain conditions. If the

potable tank becomes full, the differential pressure between the networks

will eventually overcome the 6.0:k0. 5 psi at the waste tank inlet valve, thus

permitting water flow. Potable water also enters the waste water network

if the waste tank is empty and there is a. water demand by either evaporator..

The low pressure created by this water demand J.s responsible for waste

tank inlet vah, e activation. The valve also incorporates a manual shutoff

feature for use if the relief valve portion malfu.nctions. Closing the valve

thus prevc_nts the premature dumping cf potable water into the w_.ste water

network. A. check valve, located do\vnsfrea.m of the relief valve, separates

the potable and waste water networks by permitting flow in one directSon

only.

To prevent overpressurizing the water supply subsystem, a pressure

relief assembly is installed aownstrearn of the check valves that separate

the potable and waste water networks, The assembly consists of a selector

valve and two redundant pressure relief valves in parallel. When the

potable and waste water tanks are full, the continued supply of water

produced by the fuel cells will be dumped overboard by these relief valves.

Normally, both valves are selected for simultaneous use, and dumping

occurs when the water pressure reaches approximately 3Z psi above the

outside ambient pressure° Another line, with two check va]ves in series,

bypasses fuel cell water output directly to the pressure relief assembly.

However, this action will take place only in event the waste tank inlet valve

fails closed. The bypass prevents fuel cell water flow from bein_ blocked,

thereby preventing total fuel. cell fail.ure due to flooding within the cells.

To provide sufficient water for a maximum duration earth orbital

mission, two 56-pound water tanks are installed in the S/M. These tanks

are similar to the C/M waste water tank but lack the quantity rrJeasuring

capability. A separate tank pressurizing system Js used for positive

expulsion of the water. Nitrogen at 900 psig is stored in a sma!i tan',, that

is protected against overpressure by a relief valve set at 1045±Z5 psig. In

L
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addition to a nitrogen fill• valve, there is a pressure regulator and relief

valve to reduce and regu]ate nitrogen pressure in the water tanks. These

tanks are pressurized at 40_.2 psig, and' the relief valve will function at

44 to 48 psig.

At the water outlet of each tank, there is a manual fill valve and a

solenoid shutoff valve. The shutoff valves are controlled by the WASTE

H20 TK KEFII..L switch in the C/M. These valves control the flow of

water from the tanks to a common line in the S/}4[ that subsequently connects

into the potable water line from the fuel cells. Wb, en the C/M potable water

tank quantity is low, it will be refilled from d_ese S/M water tanks at a flow

rate of Z. 9Z pounds per minute.

ECS-.Waste Management System h_terface,

Although the waste management system (WMS) and C/M battery vent-

ing network are not subsystems of the ECS: they will be covered as such in

the AOH because of system interface. The interface mentioned is in refer-

ence to the ECS water overflow line.. All of the urine and the fecal odors of

the WMS, as well as gas pressure from the C/M batteries, are also routed

overboard through this single ECS water dump line. Incorporated atthe

outlet of the dump line (urine/watel) is a 0.055 inch orifice nozzle that

restricts gas flow to a maximum of ! cfm and liquid flow to less than 1 cfm.

The gas flow is limited to prevent excessive lose of cabin atmosphere during

fecal canister usage.. The restriction on liquid flow, in conjunction with a

5.7-watt, contim_ousl.y operating dump nozzle heater, prevents the forma-

tion of ice at the nozzle, which could block all flow.

The function of controlling and/or disposing of waste solids: liquids,

and gases is accomplished by the W M.S. Except for the fecal canister and

other items of stowed equipment, the major po-_tion of the system is located

in the IIHEB. The WMS is basically divided into the urine/fecal and the

vacuum cleaner sL_bsystems. Several components !:hat are no longer

functional have not been ren-_oved from the W}d:S, as shown in figure 2, 7-9.

This is due to recent modifications that would not permit their removal

because of schedule impact.

The components for the urine portion of the urine/fecal subsystem

consist of a separate urine sample volume measuring system unit (USVMS)

for each crewmember. (Refer to section 5.) The unit is used for each

urination, in order to provide a urine sample, with the remainder of the

contents being dumped owzrboard in the to!for.ring mariner. The USVMS is

first attached by quick-disconnect to an. inline filter: which remains

attached (by quick-disconnect) to the waste management dump ]ine. The

USVMS valve is set to the DUMP position, followed by setting the WASTE

MANAGEMENT-SELECTOR vah, e on REEB-Z01 to URINE FECES and the

adjacent OVIBD DRAIN vaive to DUMP_ A 5-psi differential pressure,

provided by the valve settings, will empty the contents of the collection bag

overboard through the urine/water dump line. Should a USVMS unit fail,

direct overboard urination may be accomplished by using the urine
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receptacle, which is a backup component. The PHA urine collection device

(UCD) may be used during prelaunch, and if so, is emptied in much the

same way. The transfer valve (of the urine receptacle/transfer valve

assembly) is inserted into the UCD after it is removed from the PGA. The

urine receptacle is then attached by quick-disconnect to the filter on the

waste management dump line. The WASTE MANAGENIENT-SELECTOR

and OVBD DRAIN valves are set to the URINE FECES and DUMP positions

respectively, emptying the contents overboard. Upon completion, the PGA

IICD is stowed in the PGA stowage bag. Although the WMS blower will

operate whenever the SELECTOR valve is set to the URINE FECES position,

functional operation of ('.he blower is fo_' vacuum cleaning only.

For the fecal portion of the urine/fecal subsystem_ components con-

sist only of the fecal canister and hose assembly. Normally stowed out of

the way, the canister is secured to the center COz--odor absorber filter

storage container at the LEB, The hose is then attached by quick-

disconnect to the filter on the waste management du_bp line. '['he WASTE

MANAGEMENT-SELECTOR valve is set to URINE FECES and the OVBD

DRAIN valve is set to DUMP. Differentia]. pressure of 5 psi is thus created,

routing the odors overboard through the urine/water dump line.

The vacuum cleaner subsystem is made up of the vacuum assembly

and an 8-foot flex hose, which are stowed in the vacuum stowage compart-

ment. After removing tLe vacuum cleaner from the storage compartment,

it is placed in operation by setting tlfe WASTE MANAGEMENT-SELECTOR

valve to VACUUM CLEANER° This single actSon activates tb.< _.WMS blower

and opens the valve port that connects tDe vacuum cleaner line to the blower.

The WMS b]:ower Frovides a gas flow of 5 cfm at a ,:_P of -4.9 inches HzO to

effectively remove debris, either solid or liquid. A porous bag, inserted

into the vacuum assembly, traps the debris while the gases are exhausted

into the C/M cabin,.

The C/M battery venting network consists of a manifold, a BATTERY

VENT valve (RHEB-ZOZ), and lines that are routed to connect into the

urine/water dump line. The vent valve is to remain in the VENT position

during normal operation ";o provide unrestricted flow for intermittent

battery relief valve operation. On]y in event of a battery case rupture or

vent manifold leakage will the vent valve be closed. This prevents loss of

cabin atmosphere overboard, thereby, conserving oxygen.

Electrical Power Distribution.

The types of electrical power requ]red for the operation of the ECS

are Z8 volts dc and ll5/Z00-volts 400-cycles 3-phase ac. (See figure

2.7-10.) The larger motors of the system utilize 200-.volt 3-phase power,

whereas the smaller motors and control circuits operate from a single

phase of the ac at ll5 volts. Except for the postlanding ventilation system,

those components using Z8 volts dc will receive power from the fuel cells

before CSM ;separation and from batteries after separation. The postland-

ing venti]ation system will operate from batteries, exclusively.
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Figure Z. 7-10. ECS Power Distribution Diagram
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PERFORMANCE AND DESIGN DATA.

kietabolic Data°

The following table contains the average metabolic rates, thermal

balance, and water requirements for S/C crewmernbers.

Parameter

Total metabolic load

BTU per man/day

Water production

ib per man/day

CO Z production

ib per man/day

O g consumption

ib per man/day

Water consumption

ib per man/day

Urine production

Ib per man/day

Pressurized Cabin

(Normal)

1 i, ZOO

4.0

Z, IZ

1.84

6,6

2.., 6

Depressurized Cabin

(Emergency)

IZ, 000

9.8

Z.Z7

1.97

IZ.4

Z.6 Sk

I_̧.:

iiiii ii!

:i!!̧__

2.7.4.2 Oxygen Supply Subsystem.

Performancc and design data for the oxygen supply subsystem are

as follo_vs:

¢_ Maxin_urn oxygen flo%v rate to EGS.frorn cr?ogenic storage tanks:

9.0 ib per hr

Surge tank quantity: 3.7 ib (approx)

Surge tank nominal pressure: 900±35 psig

Surge tank pressure relief seLLing: I045:_Z5 psig

e Entry tanh quantity: 1 ib (approx)

Entry tank nominal pressure: 900J:35 psig

Entry tank pressure relief setting: blone

P_egulated working oxygen pressure: I00:_10 psig

Pressure. relief setting: 130+!0 psig

Flow rate: 0.7 Ib per n_in max

IZegulated tank pressurizaiJon oxygen pressure: Z01Z psig
Pressure relief setting: Z5_--Zpsig

Flow rate: 0.075 Ib per _nin (one regulator) and 0. ]5 Ib per _nin
(two regulators)

_{ ENVIROb[A4.EI'CFAL CO!'YI'ROL SYSTEM
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Z.7.4,5

Pressure Suit Circuit Subsystem°

Performance and design data for the pressure suit circuit subsystem
are as follows:

o Heat exchanger cooling capacity: 2.100 BTU per hr max (Gly or evapJ

o Water evaporation rate: 1.97 lb per hr max

o Regulated demand pressure

Normal: Z.5 to 3.5 in. HZO below cabin pressure

Emergency: 3.75 ±0.25 psia

Flow rate: 0.67 lb per rain max

o Suit compressor volumetric flow

Normal flight: 35 cfm

Emergency flight: 33.6 cfm

e Automatic temperature control: 45 ° to 55°-_-'

Max O Z flow into suit circuit: 0.66 ib per min (regulator or manual

valve)

Cabin Pressure and Ten_perature Control Subs)Istem.

Performance and design data for the cabin pressure and temperature
control subsystem are as follows:

Heat exchanger cooling capacity: 1Z50 BTU per hr max

o Regulated cabin pressure: 5.0±0oZ psig
Flow- rate: 0.65 lb per hr Cone regulator) and 1°3 lb per hr

(two regulators)

o Emergency inflow pressure (maximum of 0.5 in. diameter total
leakage area): 3.5 psia for 5 minu_es

Flow rate: 0.67 lb per rain max

Cabin pressure relief

Positive relief: 6.0 (+0. Z, -0.4) psig
Negative relief: I0 to 25 in. HzO

Differel_tial pressure (C/M cabin-to-aft section)

Normal ascent: 7.0 psig max.

Abort ascent: 8,6 psig max.

Automatic temperature control (flight): 70 ° to 80_'F

O Z required for cabin repressurization, 0 to 5 psig at 70°F: 9.1 ib

Water.-Glycol Coolant Subsystem_

Performance and design data for the water-glycol coolant subsystem

are as follows:

o Reservoir quantity: 9 ib (approx)

Total system quantity (less reservoir): 18 ib (approx)

o Evaporator cooling capacity: 7620 BTU per hr max
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2.7.4.7

Z.7.4°8

Water evaporation rate: 7.5 ib per hr max

Accumulator quantity: 1.36 Ib (approx)

Pump flow: Z00 ib per hr

Pump pressure

inlet: 7.5±io5 psig

Outlet (flight): 38(+8, -IZ) psia

Automatic temperature controh 40 ° to 50 5°F

Water Supply Subsystem.

Perfor_nance and design data for the water supply subsystem are as

follows:

Potable tank quantity: 36 lb

Waste tank quantity: 56 Ib

S/M water tank quantity: IIZ lb (Z tanks)

S/M nitrogen tank quantity-(pressuz'ant): capacity of 3.7 Ib, filled

to i. 5 ib (approx)

Nitrogen tank fill pressure: 900 psig

Nit._oogen tank pressure relief setting: I045*_5 psig

l_itrogen system regu]ated pressure: 40±Z psig.

o lqitrcgen system pressure relief setting: 44 to 48 psig

Overboard dump pressure: approx 3Z psi. above outside an-fbier.t

Flow rate: Z. 5 ]b per rain n_ax

Food preparation water supply unit

Capacity: 1.9 ib

Hot water: 154°-,'=4°F

Cold water: 50°F (at water chiller)

Waste Management System,

Performance and design data for the waste management system is

as follows:

® Urine/water dump nozzle orifice: 0.055 ±no

ECS Power Consumption Data.

The foDowing ]±st contai_s the latest available data o_ electrical

power consumed by components of the ECS° The wattage figures are for

the earth orbit phase o.n]y, and apply to operations during the normal mode

(pressurized cabin),

!iI_
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Subsystem

and Component

OXYGEN SUPPLY

O Z flow transducer

O Z press transducer

PRESSU RE SUiT

CIRCUIT

Suit compressor

P sensor

CO Z sensor

Diverter valve

control unit

Diverter control valve

Steam press control

unit

Steam press contvalve

Steam duct abs press

sensor

V_Tetness control unit

Water inflow control

valve

Wetness sensor

\Vater-gly temp

sensor

Evap outlet air tcmp

sensor

SYSTEMS DATA

Control

ECS-TRANSDUCER-

PRESS GROUPS-Z

cb (Z)

ECS-TItANSDUCEX-

PRESS GROUPS-Z

cb (z)

SUIT COMPRESSOIAS

S "W

ECS-T ItANSDUCE_:-.
PRESS GROUPS- 1

cb (z)

ECS-TRANSDUCER-

PRESS GROUPS- Z

cb (z)

SUIT EVAP sw

SUIT EVA.P sw

SUIT EVAP sw

SUIT EVAP sw

SUIT EVAP sw

SUIT EVAP,sw

SUIT EVAP sw

SUIT EVAP sw

SUIT EVAP sw

SUIT EVAP sw

'::Intermittent operating componeflts

tOnly one component operates at a Lime

No. Watts
of ......

•nits AC i

Z 85.0

1

1 I

1 Z.5

i ;:lV,z

i Z.5

L
1 ',k7.Z

1

1 5.0

1

1

1

_er Unit

DC

2.4

0.8

l.g8

1.0

i. 28

# 3, 0

0.2

0.00!

0.001

Total Watts

AC DC

2.4

0.8

1"85,0

170.0

IoZ8

i°0

Z.5

_::7.Z

2.5

',"7.Z

i. Z8

5.0

-_:-'3.0

0. Z

0.001

i

0.001

[

[

[
I:
L

[
[
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APOLLO OPERATIONS NANDBOOK

SYSTF, MS DATA

Subsy sten_

and Component

Suit press transducer

Suit ternp sensor

CABIN PRESSURE &

TEMP CONTROL

Cabin air fan

Cabin te_p control

unit

Cabin temp contvalve

Cabin temp sensor

Cabin ternp anticipatorl

Cabin press

transducer

WATER-GLYCOL

COOLANT

Water-glycol pump

PUITIp outlet press

transducer

Water-gly accum qty

sensor

Control

ECS- TRANSDUCER-

PRF.SS GROUPS- 1

cb (z)

ECS- TRANSDUCER--'

TEMP GROUP cb (2)

CABIN AiR FAN-.I&2

sw (Z)

CABIN TEMP-AUTO/

A4AN sw

CABIN TEMP-AUTO/

MAN sw

ECS- TRANSDUCER -

TEMP GROUP cb (Z)

ECS-TRANSDUCICR-

TEMP GROUP cb (Z)

ECS-TRANSDUCER-

PRESS GROUPS-- Z

cb (z)

ECS GLYCOL sw

ECS-. TRANSDUCER-
PRESS GROUPS- 1
cb (z)

ECS- TRANSDUCER .-
PRESS GROUPS- !
c> (Z)

/No. Wa[:ts per Unit

oNT i --
. _ DC

i _ 0.8

I 0.04

i I
1 z._ I

"7.2

0.00]

0.001

0,8

36.0

0.8

0.8

Total Watts

AC

0.04

38.0

2°5

*7.2

I J'36. 0
I

I
I

DC

0.8

}::

• .... [ : •

0.8

0.8

0,8

<-'Intemtnittent operating cornponel_ts

*Only one component operates at a time

)i ENVIRONMENTAL CONTROl., SYSTEIvi
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APOLLO OPERA'i'[ONS HAJqDIbOO]'2

Subsystem

and Con_poneI)t

Water-g]y temp

control unit

Water- g]y temp

control valve

Water-gly temp

S ensOl"

Steam press control

unit

Steam press cont

valve

Steam duct press

sm_itch

Water control unit

Water control valve

Wick temp sensor

Rad outlet temp

sensor

Rad isolation valve

SYSTEMS DATA

ConLro]

GLYCOL EVAP-

TE}dP IN sw

GLYCOl., EVAP-

TEMP ._ sw

GLYCOL EVA P--

TEMP IN sw; GLY

EVAP-.STEAM

PRESS- AUTO/MAN

sw; GLYCOL EVA] D'"

}tzO FLOW sw

GLY EVA P-STEA M

pRESS-AUTO/MAN

S \V

GLY EVA P-ST.EAM

PRESS-INGR/DECR

S_V

ECS- TPJ_IqSDUCER-

PRESS GP, OURS- 1

cb tz]

GLYCOL EVAP-HzO

FLOW sw

i GLYCOL EVAP-IIzO

FLOW sw

GLYCOL EVAP}IzO

FLOW sw

ECS- TRA1NSDU CE t<-

TEMP GROUP cb (Z)

ECS RADIATOR sw

(4)

-i__Noiiii]Vatks per Unit.
- '_-_.I DC

 I-7 1
I .': .Z

l
1

4

2.5

_:<7.Z

T B I)

5.0

O. 04

;:_1 4. 4

0. 001

TBD

*3.0

0.Z8

':qntermittent operating ccn-_ponents

Total Watts

AC DC

Z.5 ,,

*7. Z

Z.5

g'_7. Z

TI3D

5.0

O. 04

:_57.6

0. 005

T]3D

0.Z8

_:i

'_[!i

[i{

[

j{

•'I_j[

F::?

g
P :

h

Iv

L

(

t

[
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APOLLO OPERATIONS HANDBOOK

sYsTEMS DATA

Subsystem

and Component

WATER SUPPLY

Pot water qty

transducer

Waste water qty

transducer

Food prep water

supply unit

H20 accurn control

unit

H20 accum valve

H20 accun_ fail

sensor

S/M water tank shut-

off valve

MISCELLANEOUS

WMS blower

Urine/water dump

nozzle heater

Steam duct heater

Temp xducer pwr

supply

Control

ECS-TRANSDUCER-

WASTE & POT HzO-

MN A&B cb (2)

ECS- TRANsDucER-

WASTE & POT }120

MN A&B cb (2)

POT H20 HEATER

sw

HzO ACCUM--AUTO/
MAN sw

H20 ACCUM-ON/

OFF sw

ECS-H20 ACCUM-

MN A&B cb (Z)

WASTE ]:IzO TI_
R Et,'.ILL sv.,

WASTE MANAGE-.

MENT SELECTOR

valve

ECS-STEAM DUCT

HTR-IvIN A&B cb

(z)

ECS-STEAM DUCT

HTR-MN A&B cb

(2)

ECS-TRANSDUCER-

TEMP GROUP cb

(2)

Z

f2 '!:

*Intermittent operating components

Watts per IJnit

AC DC

'1-'20.0

1.28

1.28

_:"45. 0

3.0

* 3. 0

1.5

#!60. 0

Total Watts

AC DC

1.28

3..28

_45. 0

3.0

*3.0

1.5

"160.0 _:

*20.0

5.7

3,0

10.5

5.7

6.0

10.5

i] ENVIRONMENTAL CONTROL SYSTEM
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APOLLO OPIIHtAT!ONS I_!AI'$DBOOK

Subsystem

and Component

Temp sensor

amplifier

Steam duct temp

sensor signal

conditioner

G_,s chi'omato gr aph

SYST ElviS DATA

l N0. i Watts

Control _--C--

ECS- TRANSDUCE'R-

TEMP GROUP cb

(z)

ECS- TRANSDUCER-

TEMP GROUP cb

(z)

GAS AlqAL--AC 1 cb

*Intermittent operating components

Z,7o5

5 0.04

1

____1 9

_er Unit Total Watts

DC

1.5

AC DC

0, Z

1.5

9

OPERATIONAL LIMITATIONS AND RESTRICTIONS

Z. 7. 5. ] ECS Caution Placards.

Caution notes bordered by yellow and black stripes appear adjacent to

the postlanding vent valves in the forward tunnel area. The notes read,
"POST LANDING VENT VALVE---PULL PI_q BEFORE OPERATING VENT

FAN." If the pins were not in place during flight, inadvertent opening of

the cabin vent valves would immediately dump all cabin pressure, %vith

possible catastrophic results.

A placard on each COz-odor absorber canister cover cautions the

crewman to "PUSH BUTT©N BEFORE OPFIqIi,,_G, _'enid includes an arrow to

indicate direction button should be pushed. This instruction must be

followed any time a canister cover is to be opened. By pressing the push-

button, the differential pressure is equalized and the cover _ay then be

removed.

2.7.5. Z

The caution note on LHEB-314 pertains to filling the PLSS oxygen tanks

and, therefo-_e, is not applicable to earth orbital (Block l) missions. It

reads, "CAUTION 900 PSI. CLOSE VALVE BEFORE REMOVING CAP."

ECS Caution Notes.

Design. restrictions require that certain procedures be followed when

positioning the inlet and outlet selector valves of the tank pressure regulator

and relief valve assembly. If the inlet selector vslve is placed to position 1

(or 2), the outlet selector valve must also be placed to position 1 (or Z) or to

NORMAL position. This prevents shutting off the supply of oxygen for pres--

surizing the potable and waste water tanks and the water-glycol reservoir.

Conversely, if the outlet selector valve is placed to position ] (or 2), the

inlet selector valve naust be placed [o position i (or Z) or to NORMAL

position°

[

[
[
I;

[

[
[

[

{'i ENVIRONMENTAL CONTROL SYSTEM
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APOLLO OPEPvATIONS HANDGOOK

SYSTEMS DATA

2.7.5.3

2.7.5.4

2.7.5.5

ECS General Data.

Several ECS controls are inaccessible during the mission. Those

affected are located behind the two ren_ovable Y-axis attenuator pane]_ in the

LHE:B. They include all controls mounted on L]qEB-311, the suit circuit

return air manual valve, and the diverter valve handle for the COz-odor

absorber canisters. The attenuator panels are in place during the entire

mission, but are removed to gain acces:: to these ECS controls, and then

i:_rnediately reinstalled. They provide an adequate bearing surface for the
!

Y-axis attenuator shock strut pad for the landing impact.

The circuit breaker for the postlanding ventilation• syste _rn is not

engaged until after landing impact. This precaution, in conjunction with the

]ockpins previously inserted in the postlanding \rent valves, assures that the

cabin pressure will not be inadvertently dumped during flight.

High-oxygen flow during cabin repressurization, or when filling an

en_pty (150 psia rain) surge: tank, may cause w.ater-g]ycol freezing. This will

occur when there is less than full flow through the w, arn_ water-glyco! line

upon which the flow restrictors are wound. Full coolant flow at this location,

therefore, may be assured in the fo!]owing manner. ]Between 15 and 30

rr.ainutes pr:ior to anticipated high oxygen flow, set the GLYCOi_ EVAP-TEi_IP

Ib] switch (MDCLI3) to MAN, and override the GI,YCOL EVAP TEMP IN

valve (LHEI3-311) to the full cciol posit._on. [¢='<_1!

• ii
Radiator heat rejection (as.freezing) is a function of radiator inlet

• [
_.n_p_u.,._: and --_: ....... o_-ientg_i.ion, m_ . if the -' "....... _n]e_: te_i-_,per_Lu_:-e,__::

decreases to 75°F, the S/C must be p].aced in a 2 to 5 RPH (0.2 to 0. 5 degree

per second) :roll rate. During this time radiator inlet _emperature must r, ot

decrease ]0elow 70°F, or the individual radiator outlet temperature below

30°F.
1

Cabin Depressurization Rates.

The time required for the C/M cabin to become depressur_zed is con-

tingent upon how pressure is released. If the cabin is intentionally dumped,

the time it takes to reach zero pressure will be as shown in figure 2.7--Ii,

sheet 1 of 2. However, if the pressure is lost as the result of meteoroid

punclures, tl_e time will vary according to the size and number of holes.

Fig',_re Z.7-]I, sheet 2 of 2, only reflects flow rate data for meteoroid holes

that do not exceed a total equivalent area of 0.5 in. in dia_eter. The same

chart also applies I:o the flow rate of one cabin pressure relief valve that has

failed open while in the i'40P, MAL position.

Cabin Repressurization Rates.

The C/M cabin may be repressurized by using either of two il6w ra_es.

To return the cabin pressure to normal in the shortest possible tinqe, the.

conditions as set forth in figure 2. q'-12, sheet 1 of 2, must be con_plied v,it}'.

The flow rate, however, is dependent upon a full supply of oxygen in the

J

]'dis s:,on .........
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CABIN DEPRESSURIZATION - 5 TO 0 PSIA
IN1ENTIONAL DUMP TIME - 6 MIN, I1 SEC

5.0

4.5

I
4.0 _ --'_

_15 --i

3.0

2.5

2.0

1.5

1.0

0.5

0

_m__

2 3 5

m

6 7 8

TIME - MINUTES

CONDITIONS: I. EMERGENCY CAB!N PRESSURE selector valve set |o OFF.

2. CABIN REPRESS manual valve set to close.

3. CABIN PRESSURE RELIEF valve sel to DUMP.

4. 14om_al cabin pressure regulators aulomafically close nt

3.5 _ia.

Figure Z. 7-].1. Cabin Depressurization Rates (Sheet 1 of 2)

SM-2A-890

E

[

[

[
[

k

4
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Z

<
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CABIN DEPRESSURIZATION -- 5 TO 0 PSIA
UNINTENTIONAL DUMP TIME - 45 MIN, 40 SEC _

5 10 15

I

20 25 30 35 40 45

TIME - MINUTES

CONDITIONS: I.

2.

3.

4.

5.

EMERGENCY CABIN PRESSURE selector valve set to NORMAL.

CABIN REPRESS manual valve set to close

CABIN PRESSURE RELIEF valves set to NORMAL.

Normal cabin pressure regulators automatlcel!y closed at 3.5 t_ia.

EMERGENCY CABIN PRESSUf_E selecto_ valve set to OFF position

when pressure.reaches 3.5 psia (5 minutes.}.

Depressunzat,on _s through a 0.5-inch-diametel (or equh, alent) meteoroid puncture,

or lhe mcaxlmum flow through one CABliN PRESSURE RELIEF v_lve that fails open while

in the NORMAL position.

Figure 2.7-11. Cabin Depressur_zation Rates (Sheet Z of Z)

• SM-2A-888
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r.i

i

• 4

Z "l

i

1

i

ii

CABIN REPRESSURIZATION - 0 TO 5 PSIA_"

MINIMUM TIME -- 52 MIN, 22 SEC

5.5 -

5.0.

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5 - T--

I

0

I

• I I

- I

....

i

----.---------4-------

il
/

lr

/
!

/

i

J

i

I

I
I
!

I
I

I
i

I

85 4O 45 50 555 I0 15 20 25 30

lIME - MINUTES

CONDITIONS: |. EMERGENCY CABIN PRESSURE selector valve set to NORMAL.

2. CABIN REPRESS manual valve set ._o OPEN.

3. When surge tank pressure indicator decr_a:.es to 15,0 F_kJ, EMERGENCY

CABIN PRESSURE selector valve set to OFF; ._urge tank miMmum

pressure (150 psia) main|_incd by regulc_tlng CABIN REPRESS manual

valve unti! valve |s full open and su,ge tank pr_ssur_ slarts to incr_._sse.

4. Normal cabin pressure regulators auto,-natically open at 3.5 p_ia.

5. When surge tonk pressure again decreases to 150 psla. CABIN

REPRESS manual valve regulgt_d to maintaln this minimum surgo

tonk prer, sure.

6. When cabin pressure |ndicator reoches 5.0 mla, normal cabin

procure regulators automatically cl_e arid CABIN REPRESS manuol

valve set to clo_e.

Requ;res 9. lib oxygen at 70°F cabin temperature

_igure 2o7-12. Cabin RepressurizaLion Rates (Sheet I of 2)

SM-2A-889A

L
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B

B

D

D

g,¢!

.0 I

CONDITIONS: 1. EMERGENCY CABIN PRESSURE selector valve set toOFE.

2, CABIN REPRESS manual valve set to OPEN.

3. Non'hal cabin pressure regulators autc,mafically open at

3.5 psla.

4. When cabin pressure indicator reaches 5.0 psla, nomqel

cabin pressme regulalors autc#r.atieally c!ose and CABIN

REPRESS manual valve _et 1o cl_e.

Requires 9. lib oxygen at 70°R cabin temperature

SM-2A-887A

Figure 2. 7-12. Cabin Repressurizai:ion Rates (Sheet Z of 2)
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surge tank. When the surge tank is not full, o1" the repressurization time is

not critical, the conditions for the flow rate as shown in figure 2. 7-12, sheet

2 of 2, are used.

2.7.6 TELEMETRY MEASUREMENTS.

The fo]lowing is a complete list of all ECS telemetry data that is moni-

tored by flight'control]ers and ground support personnel. The last column

contains the name and type of S/C crew display. The display utilizes the

same pickoff or signal source as telemetry, unless a separate measurement

number is included in the display column.

E

•ii:!:_ _I

:9

=i|

%

:!!}:I

• a

:i

An asterisk (_:j by the measurement number denotes information which

is not available for recording or telemetry transmission during PCM low-bit

rate operation.

I Normal

Measurement Se_so_" Operating

Number Description Range Range Crew Display

CF 0001 P

CF 0002 T

CF 0005 P

*CF 0006 P

_:=CF 0008 T

CF 0009 Q

CF 0010 Q

C] ,_ (!012. P

CF 0015 P

GF 0016 P

Pressure cabin

Temp cabin

Press CO Z partial

Press surge tank

Ten_p suit supply manf

Quantity waste water

t a nk

Quantity potable t-I20

tank

Press suit demand reg

sense

Press suit compressor

d iff

Press glycol pump

outlet

0/17 psia [5.0=k0. Z psia PRESS - CABIN
indicator

40/125°E 70 ° to 80°F TEMP - CABIN

indicator

0/30 *rim tIg 1<7.6 i-he: fig PART PP.ESS CO 2
I indJcalor and CO 2

PP HI C&W light

50/1050 psia 900±35 psia TAN]< PRESS - 1 -

O 2 indicator

Z0/95°F 55°F TEMP- SUIT

indicator

0/100% Variable WATER - QUANTITY

indicator

0/100% Variable WATER - QU.ANTITY

indicator

0/17 psia 3. 75:k0.25 PRESS -. SUIT

)sia indicator

0/1 psid Min 0. 3 to 0.4 AP SUiT COMPR

psid indicator

0/60 psia 37 to 45 psia PRESS GLY DISCH

indicator

ENVIRONMENTAL GONTROG SYSTI<M
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APOLLO OPERATIONS HANDBOOI<

Measurement

Nun_be r

::-'CF 0017 T

CF 0018 T

CF 0019 Q

CF 002( T

::_CF 0025 P

CF 0034 P

C1 p 0035 R

"#CF 0036 P

_:_CF 0120 P

_:<CF 0135 R

,:_CF 0136 R

':-'CF 0i37 R

<_CF 0148 P

,:-'CF 0153 T

-'::C F 018.4 T

Description

Temp glycol evap outlet

steam

SYSTE'MS DATA

Norn_a]

Sensor i Operating

Range I Range

2.0/95°F I>450F

Ternp glycol evap outlet

liquid

Quantity glycol accmn

Temp space radiator

6utlet

Press pump package

inlet

Back press glycol

evaporator

Flow rate ECS O Z

Press outlet O2 reg

supply

Press H20 and glycol

tanks

Flow rate manifold

inlet to suit 1

Flow rate manifold

:inlet to suit Z

Flow rate manifold

inlet to suit 3

DP supply and returp

manifold

Temp compressor inlet

Temp CO 2 absorber

outlet

25/75-oF

01100%

-50/+100°F

0/60 psia

0.0510.25

psia

o.z/1.o
Ib/hr

0/150 psia

0/50 psia

0/0.2 lb/hr

0/0.2 lb/hr

0/0. Z ib/hr

0/0. 8 psid

50/125_F

90/200°F

40 ° to 50. 5°F

40 to 60%

Variable

7 psi min

0,098 to0. 154

psia

0,425 !b/hr

I

i00±10 psia

18 to 35 psid

I'BD

T1-3D

TBD

0.25 to 0,5

)sid

121313

T}3D

Crew Display

None

GLY EVAP -

OUTL}ET TEMP

indicator

GLY ACCUM -

QUANTITY indicator

ECS RAD - OUTLET

TtCMP indicator and

GLYCOL T EIVl P

LOW ChW light

None

GLY EVAP STEAM

PRESS indicator

FLOW O Z indicator

I None

Nol) e

None

None

Nolle

None

None

;

t!! 4<
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Measure_nent

Number

*CF 0245 T

,:-'CF0326 P

*CF 0327 P

::-'CF0481 T

*CF 0482 T

<'-CF 0483 T

"#CF 0484 T

_:-'CF0549 P

*GF 0550 P

GT 0108 K

SF 0665 T

SF 0671 T

SF 0672 T

Description

Temp 0 2 reg inlet

Press potable HzO tank

drain

Press waste H20 tank

drain

Temp CP branch 1

inlet

Ten_p GP branch i

outlet

Temp CP branch. Z

inlet

Ten-_p CP branch 2

outlet

Diff press coldplate

branch 1

Diff press coldplate

branch 2

Gas analysis - suit and

cabin

Tenqp space radiator

inlet

Temp EGS radiator

outlet 1

Temp ECS radiator

out]et 2

SYSTEMS DATA

Sensor

Range

50/+150°F

0/50 psia

0/50 psia

40/150 °F

40/150°F

40/150°F

40/150°F

0/Z. 0 psid

/i0 psid

N/A

60/150°F

o/5o °F

o/5ooF

Normal

Operating

Range

TBD

18 to 35 psid

18 to 35 psid

TBD

FBD

FBD

TBD

TIGD

TBD

N/A

rariable

rari.able

fariable

None

None

None

None

Grew Display

None

None

None

None

None

None

None

ECS RAD OUT

TEMP-1 indicator

EGS RAD OUT

Tti2MP- Z indicator

ENVIRONMENTAL CONTROL SYSTEM
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VATER-GLYCOL

:ONTROL UNi I

WATER

"ROL VALV_
P!OID) \VATER-GLYCOL EVAP

,\BSOLUTE PRESS,

f .
lo: GLY EVAP SIEAM

h_icolor (MDC-13) ,_ T/M

H20 ACCUM
FAil SSNSOR

H20 ACCUM FAIL
im_icalor (MI)C- 1I)

H20 ACCUMU_FOR

I $U_T E'/AP
DIVER1ER VALVE
COhrTIOL UNIT

I

H20 ACCUM SELECTOR VALVE

I-_R°OIIIl>',"0Y<t'I'E

tllO ACCUM CONTROl UNIT (2)

H20 ACCUMULAI OR

h
SUIT ClRC
RETUENA.

VALVE
ASSE7/,BCI'

(/4kNUAI.
VALVE)

T/M(_Dc-13)&

Figure 2.7-13. F_:CS Schernatic Diagram
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WATER-

GLYCOL

RADIATORS

(2)

P.ADIATOR

ISOLATION VALVE

(MOTOR) (4)

I SHUIO_F VALVE

i
i
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I
I

i
I

i
!

I
I

I
!

i
!

I

i
!

SIM ! CIM

I

To: ECS _,D OUT TEMP "

indlcalo_ 1 & 2 (MDC-I?)

& T/M

FLEX

DUCT

PLV FAN _--_- i!

PLv t

OVERBOARD
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SECTION Z

SUBSECTION Z. 8

TELECOMMUNICATION SYST ElVl

INTRODUCTION.

The telecommunication (T/C) system includes the spacecraft (S/C)

communications and data equipment required for voice communications;

acquisition, processing, storage and trans1_iss_on of operational and flight

qualification telemetry (TLk.4), te]evision (TV), and bio'_nedical data; recep-

tiorf of up-data; afld transnnission of appropriate tracking and ranging signals.

At least part of the T/C system will be in operation during all phases of the

mission--from prelaunch through recovery. The following list summarizes

T/C capabilities as utilized on SC-01Z°

e S/C inter'communications between crewman

o

e Hardline voice communications and transmissiorf of TV and TLM data

to the Lsunch Control Center (LCC)via the service module umbilical

(USM) during prelaunch

In-flight voice cor_amunication.s with the manned spa'.ceflight network '

(_v_SFN)"

Voice tape recording of commen_s, observa.tioas: opinions, etc._ v,i_:h

time correlation

Acquisition and processing of TLM, TV, and operational biomedical

data from the S/C structure and systems, TV camera, and crei_'-

man biomedical sensors, respectively

® TLM data storage

Transmission of real-time or stored TLM data

Reception of up-data (guidance and navigation, and timing data and

real-time commands) fron_ the MSFN

® Transmission of C-band tracking pulses i,_ response to received

radar signals

Li_vait-ed capabilities for S-band operation_ including transmission

of voice and TLM data plus TV, stored analog, or pseudo-rando;'7_ -

noise (PRN), ranging codes, and receptior_ of voice and up-data

Postlanding recovery aids including voice communication.s and

recovery beacon transmission

:_! T ELEC OMMUNICATION SYST EM
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e Generation of timing signals for synchronization of the T/C and

other S/G systems.

FUNCTIONAL DESC RIPTION.

The functional description of the T/C system is divided into four parts:

voice communications, data operations, tracldng and ranging, and S-band

operations. The unified S-band subsystem (USBS}, used for all S-band

operations, provides back-up voice, data, tracking and ranging capabilities,

and the sole means for transm.ission of TV or analog data.

Voice Communications.

General.:

All S/C voice, colnlnunications (figure Z.8-1) originate and terminate

in the crewmen:s personal comn_unication assemblies (headsets). Each

crewman has two beadsets; one is It,cared in the "bump-hat" for use while

wearing the constant--wear garment; the other is located in the spacesuit

helmet. Each headset is comprised of two independently .operating ear-

phones and two microphones with self-contained preamplifiers° The

headsets are used for all voice transmission and reception.

Each crewman's headset is connected to the audio centez (A/C) equip-

rnent by a separate electrical umbilical assembly, commonly referre6 to as

a "cobra cable." .Inaddition to the audio circuits, each. of the three cobra

cables contains wiring for the operational biomedical sensors in the constant

wear gar_ents and th_ push-to-talk (IaTT) control circuitry. The PTT

control circuitry consists of a pushbut!-en-type PTT key and a PTT/CW

selector switch. With the PTT/GW selector switch in the PTT position,

the PTT key permits manual control of voice transmission by the appro-

priate transmitter and mike amplifier circuit in the audio center module.

The PTT mode was designed to be used (tu._ing the launch phase of the

mission when high noise levels would preclude usage.of the VOX circuitry.

In this nnode, the PTT key will enable the microphone amplifier_ voice

recorder, VHF-AIvi and S-Band transrnitters if the latter three have their

attendan_ control switches configured properly. The audio center power

switch and the cobra cable mode switch would be in PTT position during

this mode.

The CW mode was also designed to be used during the high-noise

levels of the launch phase. In tltis mode_ however, the VHF and S-band

downvoice communications links are not enabled. This gives us a PTT

controlled intercommunications° The voice recorder could also be

enabled in this mode if needed. The audio center power switch would also

be in the PTT position, but the mode switch on the cobra cable must be in the

CW position., It should be noted that on older cobra cables, the CW position

was used only for emergency key. Now, this position will be _sed for bod_

TELECOI_{MUN!CATION SYSTEM

i
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E_

v_lF
A_NNA

VHP PORTIONS OF VHF RECOVERY HF RECOVERY

SC1N ANTENi'JAS ANTENNAS ANTENNA

LOWER (*Z) UPPER (-Z) NO. 2 NO. 1

Xc7 \

I COAXIAL

BRACKET

(MDC-9)

[-- Prom: VHP

_,_L_ RECY BCN

MULTIPLEXER ] XCVR
k_ ..........

2-KMC PORTIONS OF

SCIN ANTENNAS

LOWER (4Z) UPPER (-Z)

S-_AND n

X_>ON_ ,qOH

Iol Ii SURV,VALI j w_; _ !_ _4_ _;_

LOW_ " ):_ONDt_ tOW S_C _SG _-_'

'--oC-:_",-7,-:-_ _7,i7%, o_+? i
In _ ? L J< ,+7

IU \J.I LIt <*_+_ AGE / i/_t_ :;s" ff7 ,<_-$-___

c,, %_. %::-J® L_--_.-J i / III,,_, ill
"_% , ,,, (M_C--_) ::- &..<,.+_! I11_DYIIt

..... "_>-_,J. F-.t--1 r-;:.:;--iq_ .,._=-:_;
...... _ <_1?_'_m_72l Tb",NSCEI\"ER I I ' I/2,7, _._._<.¢;" o,,

-_=:-.-cs fl ii III J #_ 4"_ _)AU.IO
4"_ or, _::Thj) 7:::,)t' t I ,. _ -

\'<-._ _ It .... i I t .... -- ' " , .. _,, .
" ' IU U tJl I i --" " [ '_ ._-', "_'---#- ,LL \IA UL:,M

"k,_j. _ I VHP-AM J" - ....... No. _. 1 _ I
_-_f_;>l XMTR-RCVaI K_YI.G vOLTAGE I OI

t:_" • [-_' MODULE _ ,__,,I M I •

l_ I_.,_-- -_ (3 MODUtES- NO. 3 ""< j' B ] RECY FORCE

CMDR {,IAV J U I-'" -----{:," VIA SWIMMER

ENGRi Ld CONNECI'OR

PUSH TO TALK KEY

AuD,oZ_-'-4:NORMA_/_

/_/'J Pn/cw c....
_:_,.-_- / SELECTOR SWITCH CABLES (3)

EMERGENCY

To: HEADSET

EARPHONES

& MIKE AMPLS

NOTES: 1. There ore three heodsets, three connecting

cobra cables, three _,;d]o control panels,

and three audio center equipment modules'-

one set for each crewman.

2. Additional PTT key_ _re also located

on the translaficn controh.

3. All controls and switches shown ore e.n

MDC-20 unles_ olherv,'he [ndlcated.

vox s_N

It4T[I*COM

®
vot u_

(MDC-13, 23, AND-26) SM-2/'.-843D

Figure 2.8-i. Voice Communications

TEL, ECOMMU;_CA'' _ qI'lON' SYSTEM
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emergency key and the PTT intercommunications functions. PTT keys are

also located on the translation controls. Their function duplicates that of

the PTT key with the PTT/CW selector in the PTT position on the cobra

cable.

The head of each cobra cable has two electrical connectors, marked

NORM and EMER. Normally, the connector marked NORM will be used;

however, in the event of fsi]ure in one of the A/C modules, the affected

crewman may connect the cable from his spacesuit to the connector marked

EMER. This will connect his audio circuits to another A/C module and

allow the same module to be shared by two crewmen.

A s_rap has been added to the cobra cable so the PTT button can be

held in the ON position if desired. This would allow a continuous Jntercoln

if the Audio center PO].VE]K switch, (k4DC 13, Z3, Z6) is in the PTT position.

The A/C equipment contains three separate'but identical _lodules,

one for each crewlnan, and a commonly connected intercom bus. This

equip1_-_ent serves as a control and distribution center :for all S/C audio

signals. Each of the three modules has a separate butidentice.l sefi of

controls located on k4DC-Z6, -13, and -23 for the co._nrnand pilot, senior

pilot, and pilot, respectively. Thus each crewman is provided with inde-

pendent control of all audio inputs and outliuts to and from his own headset.

A POWER switch on each .panel controls application of power to its respec-

tive A/C inodu!e and selects the PTT or voice-oper;_ted relay (VO_ mode)

of operation. The PTT mode permits naonitoring of incoming audio signals

plus PTT activation of the rnic:,ophone anaplifier, voice recorder, and the

enabling of any com_rmnications transmitters if their attendant ,control

switches are properly configured.

The VOX mode permits the microphone ampJJfier to be activated by

the voice_.operated sv_itching circuitry within the audio center. The audio

output of the _.mplifier is then applied to isolation and switching diodes

controlled Jn part by the audio center controls ].oct,ted on panels MDC-Z6,

-13, and-Z3.

Voice transmission over, the activated unified S-band equipment is

allowed by placing the S-BA.I'ID switch to REC (MDC-_o,')" -13, -23_,, setting

the cobra cable PTT/CW switch at PTT and closing the PTT pushbutton on

either the cobra cable or the translation controls.

Voice transmission over, the HF transceiver is limited to the post-

landing phase of the mission; however, the RCDR/}-IF switch (MDC-Z6, -13,

-Z3) in the T/R position provides a ground for the power control relay in the

voice recorder. The intercon_ switch (MDC..Z6, -13, -Z3)would also have to

be in the T/R position so the audio signal would be available for recording.

Voice transmission over, _he activated VHF-AM transmitter is

allowed by placing the VI-I_'-AM switch to T/IR. (MDC-26, -13, -23), setting

the cobra cable PTT/C\V switch to PTT, and closing the PTT pushbutton on

either the cobra cable or the translation controls, kdonitoring the VHF-AM

is pro\dried by placing the VHF-AM T/Ik/OFF/REC switch to I_C.

TE LECOIv.'. MU NICATION SYSTEM
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Each audio control panel has three thumbwheel-type potentiometer

controls: a VOX SENS control for adjusting the sens__tivJ'.tyof the VOX

circuit, an INTERCOM BALANCE control for decreasing the level of the

audio signals received from the RF equipn_ent relative to that received
from the intercom bus, and a VOLUME control for changing the overall

level of all audio signals to the earphones. Each channel, in the A/C

modules, also contains sidetone circuitry which enables a crewman to

monitor his own transmission.

S/C !nte rcornmunications.

S/C intercommunications and hardiine voice communications are
conducted \da the intercom bus, which is commonly connected to each of

the three A/G modules, to the I..CC dur'<ng prelmunch via the USM, and to

recovery forces via the swimmer electrical connector during recover),"

operations. 'fo communicate, a crewman must activate his A/C module by

placing the POWER switch to VOX or PTS" and setting the INTERCOM
switch to T/R.

An A/C intercom transmission can only be initiated willz the PTT key,

if the PTT position of the Fower switch is selected. In the VOX position,

either the VOX circuit or the PTT key will indicate an intercom trans.-

mission. If only an intercom tranmnission is desired, the PTT/CW switch

on the cobra cable should be in the CW position. Norrr:ally, the A/C

modules will remain activated throughout the entire mission.

In-Flight Voice Con_Ymnications.

In-flight voice communications with the MSFN rill be condu<:ted over
the IJSBS and the VH]_-Ai'_ transm,]tter-reee_ver equip_c_enL Co_t_o].s for

th, e S-band ard the VIIF-ARI _roups .'.re lec_t_d on h4PC_.?O, _nd h4]_(3-Z6,

-]3, and -Z3. The VHF-AAI controls on MDC-Z0 consist of a

T/R/O]_'F/REC switch that controls application of power, a IiCVR s_xitch
to control which of two receiver modes i simplex, Z duplex, are opera.tional_F ".'

a SQUELCH control to estab]J.sh the ].eve]. of RJ0" sigr, al required to pass !,

audio signals to the audio center, and a V._iF ANTENNA switch to manually
select the upper (+Z), or lower (-Z), antenna.. Voice transmission via [_._L

VHF-AM is controlled by the placement of the VHF-AM switch (MDC-Z6,

-13, or -Z3) to T/R, the cobra cabie MODE switch to PTT, and depressing

the PTT pu'shbutton on the cobra cable. Either T/R or R_EC pe.rmits voice

reception from the MSFN.

Voice communication is possible in all operational modes of the USBS,

with the except).on of the emergency key mode, providing the S-BAND switch

(MDC-Z6, -13, or -Z3) is placed at REC. Transmission is controlled by

the PTT pushbutton on the cobra cable, providing d',.e cobra <:able MODE

switch is in the PTT position. (Refer to paragraph Z. 8. 3. 3.4 for additional

information on the unified S-band operations, )

Recovery Voice Communications,

After touchdown, the PtF transceiver equipment wil] be utilized fo.r

voice comrnunicationsl It is controlled by the RECOVERY-HF s_dtches on

/{
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}dDC-g0 which include an OsN-OFl v switch and a SSB/J3GIq/.AM switch for

selecting mode. Eithe_ the single sideband (SSB) or amplitude modula-

tion (AM) rnodes may be used for voice cmrxmunications. The beacon

(BCN) mode is used to transn_it a continuous wave beacon for tracking

purposes.

Voice transmission in either the SSB or AM mode can be VOX- or

PTT-controlled when the RCDR/I-IF switch (MDG-Z6, -13, -23) is placed

to T/R.

The HF transceiver utilizes the HE recovery antenna. This antenna

must be deployed after touchdown by setting the POSTLANDiNG---ANTIEINNA

DEPLOY switches on E4il)C-Z5 to their upper positions, A and B_ while the

]vIASTER EVENT SgJQ CONT sv,,itches ] and 2 (Ik4DC-Z4) are at arm and

]_IASTEIZ EV])3NT SF]Q CONT ARk4 A and 13 c'rcuit" breakers (k, iDC-lg) are

closed,

The VHF/AM transmitt:er-receiver equip_mnt can be used as backup

by uti]izing VII...w recovery antenna No. Z which can be selected by setting

the VHI_" ANTENNA switch (hfDC-Z0) to IIE,COVERY. A.iso_ the GFAE

survival transceiver can be used inside the S/C by connecting its coaxial

cable to VHF recovery antenna No. i or No. Z at the coaxial bracket,

MDC-.9. These coaxial connectors may be utilized, during the interval

preceding the arrival of the recovery forces, in die most advantageous

manner° Any cmnbination of VHF recovery beacon, GI_'AE survival

transceiver, and VI-IF-AM transmitter-receiver may be employed as

warranted by the ser vicealSility of the co_Tm_unica.tions equipment.

Data Operations.

General.

T/C system data capabilities include the processing, storage, and

trans:_rission of TLM data. to the MSFN; the reception and processing of

up.-telemetry data (up-data) received from the MSEN; and during USBtD

testing, the transmission of TV from the TV camera, in addition to

transmitted data, verbal comments n'my be recorded on the voice recorder.

(See figure Z. 8-Z. )

TLM Trans_nission and Storage.

TEN{ data may simultaneously be transmitted via VHJ.7'-.]7"M and/or

S-band and recorded in the .U,S>]for delayed time transmission when

requested by MS]F_q. The system configuration prohibits transrnission or

recording of real ti_-ne data while transmitting sto_ed data.

TLM data for transmission to the ]>IS]7"Nconsists of analog and digital

signals obtained from the guidance and navigation system, central timing

equipment, instrumentation sensors and tra,_sducers located throughout the

S/C structure and operational systems, and biomedical sensor's worn by

ff

[
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the crewman. Some of the instrun_entation signals require conditio:_ing

before they can be utilized. This is accomplished by d_e signal conditioning

equipment (SCE) activated by the POWER-SCE switch on MDC-20. The

remaining TLM signals are either conditioned at their source by local

signal conditioners, whic}_ requires no action on the part of crewlnen_, or

do not need conditioning. The operational instrumentation signals are used

for S/C displays and real time or delayed TLM transmission via VHF-FM

and'/or S-band. Those ';o be telemetered are routed to the pulse-code

modulation-telemetry (PCM TLM) equipment. Most of the flight qualifica-

tion signals are routed to the PCM TLM equipment along with the •

operational TLM signals. A fe\% however, are recorded as analog signals

in tl_e flight qualification recorder (FQR) for postflight analysis only.

The FQR will be activated at brief intervals only during critical phases of

the mission by the FLIGHT _QUAL RCDR switch on MDC-19.

The PCM TLM equipment con_bines the signals to be telemetered and

converts them to a single, digital, pulse train which is then fed to the pre-

rnodulatlon processor eqaipment (PMP) and the data storage equipment

(DSE). The PCM TLM equipment is activated at all tin_e,_. Its only control

is the TLM INPUTS-- PCM switch on MDC-Z0. This switch is used to

select the PCM bit-rate. In. the HIGH (51, Z KBPS) position, all TLM

inputs to the PCM TLM equipment are processed and combined into the

output signal. The LOW (1.6 KBPS) position eliminates the less essential

parameters and is used or_ly when a PCM pulse train of reduced band\vidd_

is required. The reduced bandwidth allows PCM data to be recorded at a

reduced (3.75 ips) speed when long periods of data recording are required.

The PCM signal is fed to the PMP and DSE simultaneously: for tea]-

time (R/T) transmission and/or storage. For R/T transrnission, the

signal is processed through the PMP to the VHF/FM and/or S-BAND tranc--

mitters. The PMP is controlled by the POWER-- PMP switch, the S-BAND

group of switches, and the TAPE RECORDER-- PLAY switch. V_hen R/T

transmission is not possible, the 'PCM data can be stored in the DSE,

which is controlled by the TAPE RECORDER group of switches and the

TLM INPUTS-- PCM switch discussed in the previous paragraph, Wheh

played back later, the stored PCM data is also processed through the IzMP

to the VHF/FM and/or S-BAND transnqitters for tramsn_ission, The sole

function of the VHF/FM transrnitter is the transmission of R/T or stored

PCM data. Its only control is the VHF-FM-- ON/OFF switch on MDC-Z0.

It utilizes the same antennas as the VHF/AM transmitter-receiver, namely,

the upper o_ lower SCIN antenna as selected by the VHF antenna switch,

Backup capability for the transmission of PCM TLM data is provided

by the USBS. (.Refer to a subsequent discussion of unified S-band

operations. )

Up-Data Reception.

Up-data vchich can be transmitted to the S/C by the MSFN consists

of three types: G&N data. for up-dating the Apollo guidance cornpater,

[

TELECOMMUNICATION SYSTEM

-_ ._ Mission Basic )Date 1g Nov !966 Chang e D,_._e ................ Page 2.8-9

.]



4

SMZ A.-- 0 3 -SC _ 12

A I")O LLO OPERATIOIqS HA IqDBOOK

SYSi' ]_;MS DATA t_

]

i<i
<i

7i

L{

4
J

:I

t

1

i

:!

0
.'t

'4

Z.8.-',,. 3, g

•timing data for up-.dating the central timing equipment (CfE), and rea].time

forcommands (ICI'Cs) _ providing the MS]i"N with limited control of certain

on-board functions.

During normal operations, up-data is received by the UHF/FM

receiver contained in the up-data link (UDL) equipment. Once received,

the signal is processed, and decoded, and the information is routed to the

G&N system, the CTE, or UDL-RTC relay box. For backup, up-data

can also be transmitted by MSEN stations to the S/C via the S-band

carrier. When this occurs, the up-data is received by the USBE receiver

which extracts the up-data subcarrier and routes it to the PMPwhere the

intelligence is removed from the signal and sent to UDL equipment for

processing, decoding, and distribution. .It! this S-band mode, the UHF/FM

receiver is bypassed. Selection of the Ut-IF or S-BAND znode is made with

the UP-DATA switch on MDC-Z0. The UP TLM CMD-- RESET/OFt c switch

(MDC-19) enables the crew to nu!iify previous RTCs and return control to

the S/C. An UP T]LM-- ACCE]-"T/BLOCK switch (MDC-]4) is also provided

so that G&N up-data can be prevented from effecting ti_e computer and the

attendant validity signal being sent to the PCM format.

Tracking and Ranging.

In-Flight Tracking and Ranging.

The fanction of the in-flight tracking and ranging equipment (figure

2.8--3) is to assist the MSIrN in determining S/C position and velocity. The

primary method emp!9yed is C-band tracking. The C.-ba.nd transponder

on-board the S/C is used fox" this purpose_ it operates in conjunction with

COlzven,..clxa,, c_.._tt- d.a, ed, r;_de._: F3]_];[)11,,3ii". _)y i.:,:a),,_n,LL_c,g xesb, ol_se

pulses to the IvIStVN when radar pulses from the earth are received. It

operates in a "l-pulse" or a "Z--pulse" mode, depending on the type of

radar equipment being used at the nearest MS_N station. A single control.,

the C-BAND switch on MDC--Z0, is used to activate the C-band transponder

in either mode.

Backup tracking and ranging capabilities are provided by the USBS.

Recovery Tracking.

Line-of-,sight and beyond-line-of-sight beacon trans)nissioz_ capa-

bilities are provided to assist recovery personnel in locating the S/C durip..g

parachute descent and after touchdown. Line--of-sight beaco_q transmission

is accomplished using the VHE recovery beacon equipment. The beyond-

line-of-sight capability is furnished by ol?erati_g the HE transceiver in a

beacon mode.

During parachute descent the VI!F recovery beacon is activated by

setting the RJF..COVk]ICY-- VHF-BCN switch (MI3C-Z0) to ON. This causes

a Z-second, modulated VI-tF pulse to be transmitted every 5 seconds

from VH1 v recovery antenna No. 1, which is deployed automatically with

VHE recovery antenna No. g when the main pa_'achutes are deployed.
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After touchdown, the I-t]? recovery antenna must be deployed by

setting the POSTLANDING--ANTEN>L({ switches (MDC-25) to DI£PLOY

A and B while the MASTER EVENT SEQ COiNT switches (MDC-Z4) are

at PYRO ARM 1 and 2.. HE beacon transmission at a preassigned frequency

of 10. 006 mc is accomplished by placing the RECOVERY -- HE switch

(MDC-Z0) _o ON and the RECOVERY -- HF-SSB/BCN/AM switch to BCN.

The GFAI_ survival transceiver (part of the crew's personal equip-

ment) can also be operated in a beacon mode. If used inside the S/C, one

of the VHIF recovery antennas (No. l or No. Z) can be used by manually

connecting it to the applicable coax connector on MDC-9.

The VHF antennas and communications equiwnent condition, as

determined by the crew during the postlandimg pr/-recovery period, will

decide the utilization of the coaxial cable connectors located on IviDC-9.

The connectors are identical and the recovery equip:nent coaxial cables

n]ay be interchanged to provide the n%ost beneficial, franking configuration,

Unified S-Paand Operations.

General.

[[;he USBS is primarily designed to be used as a deep--space conn_mni-

cations ]ink between the S/C and the'MS-_-IN. Nevertheless, on naission Z05

some of its capabilities will be tested and it may be called upon for use as

backup equipment for voice communications, PCM data transmission,

up-data reception, or S/C tracking and rangi.ngwhen the S/C is within

range of a k4S]?'N statim_ equipped for S-band operations. In addition, only-

the USBS is capable of transmitting TV.

The USBS consists of the S-band transmitter and receiver combined

in a single electronic package called the unified S-band equipment (USB_ 2)

and the S-band power an-@lifier (PA). The fu:dctJon,of the S-band PA ie to

provide additional power amplification of the USBI£ transmitter output.

Two levels of amplification (high and low) are possible. A bypass mode is

also possible wherein the S-band PA is turned off and the output of the

USBE transmitter is sent to the S-band antenna equipment "as is." The

Z-kncm portions of the upper and lower SCIN antennas are used for trans-

mission and reception of S-band signals. Antenna selection is made by

placing the S-]3AND ANTENNA switch (MDC.-?-0) to UPPER, LOWEP,, or

AUTO. I.nthe AUTO position, the antenna vill be auto.rnatical!y switched

if the signal falls below a n_ini_num threshold.

The PMPis controlled in conjunction with the USBE by the S-BAND

switches to provide the proper voice and data inputs to the USBI] in accord--

ance with the S-band mode selected.

When operating in a ranging mode, the MSEN can transmit a "coded"

pseudo-random noise (PRN) pulse to the S/C via the S-band carrier. The

S/C USBE will respond by transmitting an identical pulse to the MSFN. By

[t,,i;.s _".,ion
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measuring the time lapse betv,,een transmission of the signal and reception

of the response signal the MSIrN can accurately determine the S/C range.

Once established, this value can then be continually updated by measuring

the doppler shift in the S-band carrier. A ranging mode can be selected

again at later times, to verify or up-date the doppler data.

MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

To facilitate this presentation, the equipment comprising the T/C

systenn (figure Z.8-4) has been divided into four groups designated as

instrumentation equip_nent, voice and data equipment, RE electronics

equipment, and ante:ms equipment. Specifically, these equipment groups

contain the following:

Instrm_entation equipn_ent group

Operational instrumentation

]Flight qualification instrumentation

Voice and data equip_nent group

e Audio center (A/C) eqMpment

e Signal conditioning equipment (SCE)

e Pulse-code modulation-telemetry (PCM TLM.) equipment

e Television (TV) equipment

e Prernodulation processor (PMP) equipment

e Data storage equipment (DSE)

]£1ight quali_!ication recorder (FQR} equipment

e Up-data link (UDL) equipment

e Central timing equipment (CTE)

e Voice recorder

RF electronics equipment group

• VttF/AM transmitter-receiver equipment

e HF transceiver equipment

e VHF/FM transmitter equipment

e Unified S-band equipment (USBE)

e S-band power amplifier equipment

e C-band transponder equipment

e VHF recovery beacon equipment

Ante_.n_na eguipment group

• VHtr/Z-KMC omni-antenna equipment

¢_ HF antenna equipment

e VHF recovery antenna equipment

C-band beacon antenna equipment

TELECOMMUNICATION SYSTEM
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instru17nentation Equip_ent Group.

The S/C instrumentation equipment consists of various types of

sensors and transducers for providing environmental, operational status,

and performance measurements of the S/C structure, operational systems,

and experimental equipment. The outputs from these sensors and trans-

ducers are conditioned to signals suitable for utilization by the S/C displays,

_resentation to the PGM TLM equiprnent, or both. Im addition, various

digital signals are presented to the PCM TLM equipment, including event

information, guidance and navigation data, and a time signal from the CTE.

Many of the signals ernanating from the instrumentation sensors are

of forms or levels which are unsuitable for use by the S/C displays or PCN4

TLM equipn'_ento Signal conditioners are used to convert these signals ta

forms and levels which can be utilized. Sonne signals are conditioned at

or near the ser.,sor by individual conditioners located throughout the S/C.

Other signals are fed to the signal conditioning equipment (SCE), a single

electronics package located in the lower equipment bay. (Refer to signal

conditioning equipment in the Voice and Data l<quipn_ent Group. ) jm addition

to conditioning raany of the signals, the SCE also supplies 5-vdc excitation

power to some sensors. The SCE can be turned on or off with the JPOWER-

SCE switch on MDC-Z0. This is the only control that the crew can exercise

over instrumentation equipment for operational and flight qualification

measurements. These two instrumentation groups are discussed in the

following two paragraphs. Information on scientific and rpecial instrumenta-

tion can be found in section 4 of this manua.l, Experin_ents and Scientific

Equipment.

Ope rationai Ins trurncntation.

Operational measurements are those which are normally required for
a routine mission and include three categories: in-flight management of

the S/C, mission evaluation and system performance, and preflight che'ck-

out of the S/C. The operational instrumentation sensors and transducers

are capable of making the following types of measurements: pressure,

temperature, flow attitude, rate, quantity, angular position, current,

voltage, frequency, R1v power, and "on-off" type events.

Flight Qualification Instrumentation.

Flight qualification measurements are those which will vary on

different S/C, depending on mission objectives and state of hardveare devel-

opment. Most of them will be pulse-code modulated along with the opera-

tional rneasuren_ents and transmitted to the MSlrN. Other flight qualification

measurements will be stored in the IVQR for postl]ight analysis only.
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Voice and Data Equipment Group.

Audio Center (A/C) Equipment.

The AIC equipment (figure Z. 81-5) consists of three separate idel}tical

modules located in a single electronics package in the lower equipment bay.

Each module is controlled independently by its own control panel and

supplied with ZS-vdc power through separate Circuit breake:s. The three

control pan.els, MDC-Z6, -13, and -Z3, are located in stations 1, Z, and 3,

respectively. Each of the astronautls headsets, containing two microphones

and two microphone amplifiers, and two independently operating earphones,

is connected to one of the A/C modules by a cobra cab].e. Tb. us each

astronaut has a separate iaeadset, audio center module, and audio control

panel to provide him with individual control of voice transmis.sion and

reception.

Each A/C module contains a naicrophone ar_plifier, VOX circuitry,

an earphone amplifier, and various signal attenuation, switching, and

isolation circuits. The earphone and microphone amplifiers amplify the

voice signals to and from the headset. The VOX circuitry is a voice-

operated keying oircuit that: supplies a ground return path necessary for

activating the microphone amplifier and the transmitter keying relays in

the HE transceiver, intercommunication system, and the power control

relay in the operating voice recorder.

Audio signals are provided to and from the HE transceiver equip-

ment, VHF/AM tra_smJtter-receiver equipm.ent, US]B} _] (via the PMP),

and the intercom bus. The intercom bus is common to all three modules

and provides for the hardline commvnications between crewmen and with

the LCC and recovery forces.

Inputs and outputs are controlled by the RCDll/RIF, VIlE/AM, S-BAND, I ;

and INTERCOM switches on the audio control panels. Each of these l_;:,t,_.=

switches has three positions: T/R, OFF, and REC. Setting any of the

switches to T/R (except S-BAND) permits transmission and reception of

voice signals over its respective equipment. REC permits reception

only, and OFE disables the input and the output. The operation of the

microphone amplifier in each rnodu]e is controlled by the VOX keying

circuit or the PTT pushbutton on the cobra cable or the translation controller.

The VOX circuit is energized by the position of the POWER-- PTT/OFF/VOX

switch on each audio control panel. The PTT position permits monitoring

and activation of the microphone amplifier, voice recorder }IF, VHF/AM

and S-band voice transmission circuits by the PTT key. The VOX position

permits all the functions of the PTT positim{ plus VOX activation of the

microphone amplifier, voice recorder and tie transmitter.

Three potentiometer controls are also t_rovided on each audio control

panel: VOX SENS, INTERCOM BALANCE, and VOLUME. The VOX SENS

control is used to adjust the sensitivity of the VOX circuitry, determining

the amplitude of the voice signal necessary to trigger the VOX keying

Mission
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DIODE DIODE

SWITCH & SWITCH &

ISOLATION ISOLATION

D',ODE

SWITCH &

ISOI_,TION

DIODE

SWITCH & SIDETONE

ISOLATION

•DIODE

SWITCH & !__, ISOLATION

DIODE

SWITCH &

._SOLATION

MIKE

AMPL

r_q Fvo:%--q

GROUP-4 I _' To:

ELECT.

CIRCUIIS

VOICE

I ON-BOARDVOICE

TAPE

I RECORDER

To: USBE

VIA PMP

|
_ VOICE To:

;_-----'_ VHF/AM

XMTr,-RCVR

[
VOICE_1_ To:H_

XCVR

NOTES:

1. AI! controls end switches ore

on MDC-26 unles_ otherwise

indicated.

2. Only Module No. I and its

controls are indicated.

3. Modules No.2 and No. 3 are

identical except Iha! controls

and _witches ore locoled on

MDC-13 ,_n-d -23,heudsets ore

for S_:N!OF{ PILOT end PILOT,

and T/C circuit breokels ale

GROUP- 5 and -3, respecti',ely.

4, &dditio_l PIT pushbulton_

(not i]lustrc_led) ore located. on irons!aliGn controls.

5. The VOX swDch p_ovides a

ground return path Ihrc, jgh lhe

POWER switch when enabled by

th_ VOX circuHr.,,

SM-2A-740F

Figure Z.8-5. Audio Center Equipment
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circuit. The INTERCOM BALANCE control adjusts the level of voice

signal inputs from the RF equipment relative to the level of voice signal

inputs from the intercom bus. The VOLUME control adjusts the output of

the earphone amplifier.

Signal-Conditioning Equipment (SCE).

The signal-conditioning equipment (SCE) is contained in a single

electronics package located in the LEB. (See figure 2. 8-6. ) Its functions_
are to convert various kinds of unconditioned signals from the instrumenta-

tion equipment into compatible, 0- to 5-volt d-c analog signals, and to pro-

vide excitation voltages to some of the instrumentation sensors and

transducers.

The SCE uses the following module types: The active attenuator, to

attenuate high-signal Voltages; the ac-(am) to-dc converter, to detect the

amplitude variations of an a-c signal; the d c differential amplifier, to

amplify small signals; the dc differential bridge amplifier, to detect
resistance changes; the bi-phase demodulator, to convert S,IC position

resolver outputs; the frequency demodulator, to detect frequency changes

in an a-c signal; and the power supply, to provide +ZO volts and -ZO volts to

the SGE circuitry, I0 volts as b.ridge excitation, and 5 volts to excite other

S/C sensors.

The conditioned output signals from the SCE are routed to the data

distribution panel (DDP). The DDP provides parallel outputs, where

necessary, and routes the signals to the PCM telemetry equipment, S/C

displays, and GSE connections.

The only e'xternal control for the SCE is the two-position POWER--

SGE toggle switch on-MDC-Z0. Placing this switch to ON applies 28 volts

dc to the latch winding of the latching relay, which closes contacts applying

3-phase a-c power to the power supply module. In the OFF" position, the

relay is unlatched, removing a-c power from the power supply.

Pulse-Code Modulation Telemetry (PCM TLM) Equipment.

The function of the PCM TLM equipment (figure Z.g-7) is to convert

TLM data inputs fro1_ various sources into one serial digital output signal.

This single output signal is routed to the PMP for transmission to the MSEN

or to the DSF,, for storage. The PCM TLM equipment is contained in two

separate units located in the lower eqL1ipment bay: PCM unit l and PCk'I
unit Z.

Input signals to the PCM TLM equipment are of four general types:

low-level analog, high-level analog, parallel digital, and serial digital.

Some of the low-level analog inputs are supplied directly from the instru-

mentation sensors; other data inputs are routed through the data distribution

panel (DDP).

Two modes of operation are possible: the high- (normal) bit-rate mode

of 51.Z kilobits per second (KBS) and the low- (reduced) bit-rate mode of
I. 6 KBS. Operational mode is selected by placing the TLM INPUTS--PCM

switch on MDC-20 to HIGH or LOW, as applicable. When the switch is in

the LOW position, the high PCM bit-rate can be commanded by the MSFN

via the UDL equipment.
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SIGNAL CONDITION!NG EQUIPMENT

FREQ FREQUENCY

DEMC, DUo -
|15 V 3 9_400 CPS 4C_0:k20 CPS LATORS

AC BUS 2 ¢' A

!' ._E ' I --"
J RESOLVER OUT- --- _---=_ _ DEMODI - I

,PUT:PITCH, REF FP_Q _j IATORS j.___ yAW, ROLL

EPS GO to250 _V or DC DIFFER-

POS'I LAN DING, AMPLIFIERS

BATTERY, DMIERY i

:HARGER, FUEL CE! L_

l
2 CHANNELS ! SPS !

6 CHANNELS

7 CHANNELS

!
I

" EFSTEMP SENSORS

SPSTEMP SENSORS

Ir }
I'I DC DIFFER-

0 to 50 MV or 10 CHANNELS i 5FS [

.-_ ENTIAI BRIDGE _'_'

° -_ noi3_V A_,_,PUF,ERS I

I i
I I
I

I
i

|0 SPS J

'!i
In S;_S i

1_'

DATA

i

To: PCM

1ELEME-
"" TRY .

EQ UI P,

DISTR

PANEL

L_,tsyC

I FI_,ys

r _ , o,o+sov_:I [ Ac,,'_ I _C:'ANN_L_,0_P_I.
I .....CREW SAFEI"Y I ........... i_"_l_b....ATTENUATOR _|........ "---_I ,_"_'_ _ _ _"_%..'_

• /- cYooLsK_%
............ 'D_ I E'_CTI_'_ I n CItANNELS 0 SPS I. .[--'fTk--LT_:'.'_---'_

r Z#_b;T.....i i r -_..... =l " 1 ;¢_1%=7

|An _US2 LJ ! J 1 " r-- _

+20 -20

[_,!_:] rt/c_ (MDC-Z) , I LATCH eOW_r I • _ T _ I _ VOLTc #
FLIGHT& [::_ (MDC-22) _ --T-1-----I_ SUPPLY_....... I I I I \'---==-±-_i
Post- [ :_ 2_ A 6 _'" I / _ I f | / / I t n_..!IA95/

_.._,NG,u_ i:_:i'_-_-----;:,..s_----'Y i l _ kl [_,?_l-_'q_k- -- -_:_
[_:'i_t .GF,OUP-S Iorr I I I ':_'-I I I ,l t _J

/ $ 1 I_STF:
/ I I '---'F I hk_,_-_s-I t I ISeNSO,S&RFLAy

TELECOM- IISVAC A I I I v I I" "-J J i'_--_ItiVDC_ J, ....
ESS .¢,.___________ ¢ ....... _. b. .... ----

400 CPS 3,g 2A REGL_ tsw.cH I "- t .-.--£
-S-.,.OPA 1 I/ _I I IL_J:,___- . . cT_.v:__

REFEREAE',_':_li P I I + i l f SFN_OR-_

I SENSOR!
\_ vo.sj
 v,:0yF7

_ SM-2A-723D

Figure 2. 8-6. S;gna! Conditioning Equipment
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S0 CHANNELS -

HI BIT RATE, O-CHANNELS

LO BIT RAIE

} sPS.__LO LEVE_ j

I ANALOGI_
I MUI.TI- |

I _LEXERI

PCM UNIT NO.

],, L_.02 sPs._

HI LEVEL J _

ANALOG I _ 50 SPS

M U L T I - J_"-'-_-_

HI LEVEL
ANALOG
INPUTS

NO. OF CHANNELS

-.o 4

J HI BIT RATE

-_ 16 _ ONLY
/

-o 2.5)PULSES t:AM PULSE SIGNALS (5)

|i " I " LO- I_ -.o .50 - LO BIT RATEJ _o.,_LI 100- HI BIT RAT_
LO tt : *.,_p--.-_ -.o 50 LO BIT RATE

I F]PL. I i

, J , _ .

u_r:,:;?r-TZo7-
! cooeR/ I IC2L_B_SRII _X'_m,VERS

_0,,,_J' L_--d__L--_--------
_,G,TA_'_A_LJ II _ .......

D1GITAL _ __ __' ]_=-_ +_-_"-_"_ .............. -i,NPUTSi ; !1 _ L£---_:t---_--t
i .--_._--- ', .... -_ r_---1-_ _TA_TPU'SEI

_'.+m'EEts,o-l_2-+>l....... I t- |CONT,OL_D,',T:_STOPPL,LSE_-,o:O&N
tOBIT RATE- iLO-+ SP3 j k -- l -_TL_-P.!SlER H-C>'BITSYr C |

26 CHANNELS, I ! ItqOS. 1-1a t DRIVER J _ _ "II"AL

_B,TSPER_ORDI I L_--_ +_bEE_?_°%'-'_
........... HI-i0_ | EEOGRAMME_ _ J -o 512 KC i

;_B'_'T'_"p_.OR°_tO--T] SPS"I J_ -.ol CPSSYNC]F..... CTE

MDC-20

I [I -ILM INPUTS PCMI ]

HI ONI.Y ] DIGITAL -_-----_ HIG H /

I CHANNEL, ,'3- 2_'P_ MULTI-- I" :_',L'[LO£LOW l
16 BITS PER WORD PLEXER _.,_] L ...... ._L--

-T / L_
J--_ RTT----1
l RE_v_ox j, CHANNEL,O-_ ¢ --'k .7

,0_,TSP_RWORDSOSPS _ _1 I-- _" To:
51.2 OR 1.6;<. BS N,_. _ PMP+ I FORMAT I I -- S-_ALPCMDAT,¢ DSEi I¢-----i,D-_EtEC-I I

,CHANNEL,,.__O___+ l LJORJ j O+T,p+ygRP----DATA_TET,M,NG"+:.I_ DSE

.............. | I

24 BITS PER WORD I PARALLEL BIT PCM WORDS (_) 1 _ 512 KC SU_CARRIER To:-_ '_ PMP
PCM | I

r _ UNITS | I--_ RZ SERIAL . _.
-_PCM DATA J

_._ow_R_j-,-_._T ;---q--_ '__ . +_:_,,BPSOATA_To:L_C_+q...... _TE_+,_NG.',A+C
CARRIER REF |LICAL

TELECOMMUNICA'JlONS _1 PPS SUB- /

FRAME RATE /PCM TLM I 40 BIT SERIAL-

]

WORD FROM LEGEND
G&N

115 VAC 3# _ ...... CONTROL & COMtvVM'4D CI_.CUITS

From:O--_ .... ++'+ o --_ SIGNAL AND PO",VER
NON ESS 2A

l/C SW MDC-22 _- Refer Io DSE illustraHon fo_
additional swHch chcuilry

Figure 2.8-7. Pulse Code Modulation Telemetry
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Tele,Asion (TV) Equipn_ent.

The TV equipment consists of a small, portable, TV camera (figure

2. 8-8) that can be hand-held or mounted in one of four locations in the
command module. Its function is to acquire real-time video information

for transmission to the MSFN during S-band testing.

The first camera mounting position is located below the main display

console, and will permit a front view of the crew lying in their couches. The

second position is located behind the head of the center seat, and will permit

viewing of crew activities ii_ the middle of the command module. The

seco:!d position is also provided with a five-foot stretch cable to permit

hand-held use of the camera for coverage of any desirab]e target inside or

outside the S/C. The _hird position is located in the right-hand equipment

bay, and permits viewing of astronauts at work in that area. The final

position utilizes a special bracket which allows the TV camera to look out

do c_<in_4wi ndo w.the right-hand ' " _-

The TV cgmera is connected directly to the PWR cable at the first

mounting position. If the TV camera is to be used in the mounting position

behind the center couch, the PWR cable must be connected to the connector

marked "TV Cam to Hatch J107," and the camera, in turn, should be con-

nected to the connector at tha% position (J191), by the stretch cable, tf the

TV camera is to be mounted by the right-hand eq_-ipment bay, the PWR
caMe must be connected to the connector marked "TV Cam to RHEB, " and

the TV camera connected to the connector at that location (J195) by the

stretch cable.

The TV camera is constructed with a pistol-grip type of handle on the

bottom, which can be extended Lo facilitate portable use. The TV cane_era

is fitted ,_.th a fixed-focus wide-angle lens for picture taking _vithin the

command module. For taking p_ctures of the earth or moon through the
C/M _r_ndow, _" _tercbangea]_Je zoo.m lens ._: prov}dod, The zoom ]enn t<_s

a look angle of fron- 9 degrees through 30 degrees. It is fitted with a

through.-the-lens type viewer that will enabie the operator to see the change
in field of view an.d reiative size of the scene while the lens is adjusted.

The electroz_ic circuitry in the camera is equipped with an automatic _gain

control to allow for differences in target illumination.

The TV camera is activated by a slide switch in [he pistol-grip handle,

which applies 28 volts dc to ti_e camera power supply when set to on. Th_s

energizes the entire camera and results in s video output signal that is,fed

to the PMP_ In the PMP, the video signal is frequency multiplexed with the

telemetry data and voice, which is transmitted to earth via the USBE. The

USBE must be operating in a TV mode to permit this transmission. A.n

AUTO LIGHT CONTROL switch has been added to the camera, permitting it

to compensate for either peak or average scene illuminations from 0. 1 to
30 foot candies.

Premodulation Processor (PMP) Equipment.

The PMP equipment (figure 2.8-9) functions as a data processing and

distribution center providing necessary interface, where required, between

the voice, data, and RF equipment. The PMP consists of ten modules

mounted in a single electronics package located in the lower equipment bay.

These modules contain filters, oscillators, mod<_lators, demodulators,

detectors, switching circuits, discriminators, mixing and keying networks,

and a power supply.

"]?ELECOMMUNICATION oYS _ _M
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I
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I
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Figure Z. 8-g. Tele_dsion ]i]quipment
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The PMP can operate in many possible >zoo.es. All of the external

controls for the PMP are switches located on NIDC-Z0. The switches which

affect the PMP consist of the POWER-- PMP switch, the S-BAND-- VOICE

group of switches, the S-BAND-- EMERG switch, and the TAPE

RECORDER-- PLAY and-- RECORD/PLAY switches. Also, during emer-

gency key operation, the PTT keys on the .cobra cables and translation

controls, control the PMP emergency key network. All of the signal inputs

available to the PMP are listed in the PMP INPUTS table at the end of tl_ia

conhgura_on. The.paragraph. PMP outputs are dependent upon switch " *" "

PMP OUTPUTS table, also at the end of this paragraph, shows the various

cm_posite output signal possibilities along with their destinatic.ns and the

switch positions required for any mode of operation. It should be noted that
tthe c,c.. ,_'A_'_D._ and TAPE RECORDER. swil:ches al_,o af,ec .. the operational

mode o.f the USBE and DSE.

One functior_ of the PMPis to process the PCM TLM signal, obtained

from the PCM TLM equip_nent or DSE and route it to the VH_'/]FM trans-

mitter equipment for transmission to the MSEN. This output will be

provided whenever a PCM i_.put is available, regardless of rhode and

simultaneously with other PMP outputs.

All remaining PMP functio_)..'-_involve interface with the USBE. Inputs

to the PMP from the USBE are the 70-kc up-data and 30-kc up-voice sub-

carriers. These are fed _nto the ,_p.-data and up-voice discri_ninator

circuits. These two circuits (as well as circuitry needed for ernerge_.cy

S-band modes) do not require the PWR-PIvIP .switch to be on. They are

supplied with power independently whenever the USBE is in operation.

Outputs from. the up-data and up-voice ctiscriminators are fed to the UDL

and 7"</',bequip'.nent, respectively.

The PMP supplies an output to one of the three USBE inputs, depending

on S--band mode as selected by the S-BAND--VOiCE group of switches and

the S-BAND-- EMEPG switch. The USBE inputs are designated PM, FM--i,

and FNi-Z. During normalS-band modes, the PiviP supplies either a _g_M or

FM-I output to the USBE. The PM output supplies real-tim_e PC!vl TLM and.

voice to the USBE when the USBE is operating in a normal voice or a

ranging mode. If the USBE ranging only mode is selected, the PCRi TL}\4

portion of the output is elhninated,, leaving only voice signals in the PM-I

output. When recorded data or TV data is to be transmitted along with PCM

TLM and voice data, the Je'M-i output is supplied to the USBE. This mode

permits the greater bandwidth which is required for transmission of this

data.

There are two e_ergency modes; en-_ergency voice and emergency

key, selected by the S--BAND-- Eh4ERG switch and used to permit emergency
transmission of voice or code over the USBE with the PMP shutdown. Witl_

the S-BT_ND-- EMERG switch in the center (OF]F) position, the PWR -- PMP

switch controls the application of power to the PMP. However, with the

S-BAND-- EMERG switch set to either VOICE or KEY, a-.e power is

removed from tize PM!< I.n the KEY position, a separate Z8-voit d..c
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GROUP-5 circuit breaker.

" J _ _ "_ _,,_'_A VOICE otherwise indicated.

"f_--J ..]E'---'4_' _,------_ -o,_. -o.._f (SEE AUDIO CEIqTER EQUIP. To'. UDL To: AUDIO
"-" "_-'---_ ILLUSTRATION. ) EQUIP. CENTER EQUIP. St,_,- 2A-737; _

Figure Z.8-9. PreznodulatLon Px'ocessor Equipment
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source is used to enable the emergency key network only, which permits

a 51Z-kc signal from the CTE to be keyed by the PTT key i.n the cobra

cable. This signal is applied to the PM input of the USBE. In the VOICE

position, voice signals from the audio center equipment are routed directly

through the PMP and supplied to the FM-2 (emergency voice) input of the

USBE.

The following matrix shows the _w_chmg cmxfigurations of the

S-band system in several operational modes.

Ph4P 7mpu.t s

Signal Type Source Application

PCM TLM equipn_entReal-time Y°CM

T LM

Video

Voice

Recorded PCM TLM

5!Z--kc square wave

TV equip.r.nen!-

Audio center

e quip_ne nt

51Z-kc square wave

DSE

CTE

PCM TLM

equiprnent

T ransrr_,is sion to MSIrN. via

US]BE or VH_'/I:'?i transmitter

Transvnission to A,iSIPN via

USBE

Transmission to MS]FN via

USBE

Tr&nszY_ission to MSFN via

USBE or ¥i-IF/ig]x,4 transmitter

C!V trenernizsien to h!SFi',!

du_ing en_ergency key nzod.e

Subcarrier for transmi_esiox_ of

PGM TLM to ]vfS_'iq via (JSB_2

70-kc up-data

subcarrier

30-kc up--voice

subcarrier

USBE

USBE

Detection of up_-data received

fronn MISF].,,_ via USB]<

Detection of up-voice receive.d

from hiSFN via US]_]F,

_.i.;,

<:_ .,_ -,"v
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Output

Types of Data

l<eal-- tilne voice

I

InterruptedSiZ-kc

, carrier (keyed by

PTT switch)

I Real-time PCM

TLM

Recorded PCM

TLM

Real-time PC_A

TLM and voice

Real-tinae voice

Recorded PCM

and rcal-tilne

I voice

Destination

USBE

(EM-Z)

USBE

(PM)

VH._ / FM

Transmitter

USBE

(PM)

USBE

(FM- 1)

I
PVTR I

PM P

$

ON

.. _*"h does not affect this output mode.<:This sw_,

PMP Outputs

Switch Positions (MDC-Z0)

S-BAND" VOICE Group I S-BAND

RNG-

Off-

RNG

ONLY

RLNG c r

Off

(centez) [

RNG

ONLY

_;._ TAPE

Ofl I "

(center) 5

' TAPE

I

{center )

Off

Off

(center)

EMERG

V O!C E

KEY

I

L

TAPE RECORDER

PLAY

I RECORD-

Off- "
PLAY

Off

{center)

PCM or PLAY

NORM

{

NORM

RECORD

or OFF

(center)

PLA Y

>

>

>

0

0

0

0

0

CO

>
!

V

0

{,o
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PMP Outputs

Output

Types of Data
Destination

PW R

PMP

Switch Positions

S-BAND- VOICE Group

RNG-

Off-

t<IqG

ONLY

TV-

Off

MDC-Z0)

S - BAN D

I EMERG

Off

(center)

TAPE RECORDER

PLAY

RECORD-

Off-

PLAY

Recorded PCM

TLM and real-time

voice

Real-time PCM

TLM and voice

USBE

(FM- 1)

R_a.-tln_ PCM

TLM, voice, and

TV

Real-time PCM

TLM and voice

Up-data commands

Up-voice

UDL

Audio

Center

Equiprnent

i

ON

_::This switch does affect this output mode.

TAPE

Off

(center)

Off

(center)

TV

i

PCM Play

i

I

L

N

>
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Data Storage Equipment (DSI£).

The DSE {figure Z. 8-10)is a three-speed, 14-track magnetic tape

recorder and reproducer located in the LEB. It is used to store data during

phases of the mission which inhibit: or prevent the successful transmission,

of this data to the MSF'N. Data can be recorded in parallel on five digital

channels, and played back during a later phase of the mission for transmis-

sion to the MS_'N. Igach reel contains 2fi50 feet of one-inch-wide, magnetic,

Mylar tape.

The PCM TLM data is obtained frown the PGM TLM equipn-mnt as a

single serial pulse train at a high bit-rate of 51. 2,KBPS or a low bit-rate

of i. 6 KBPS, depending on the In}GM TJ_,N'.'._.ode. In the DSE, a serial-to-

parallel converter circuit convert8 this signal into four parallel digital

channels., each of which as a resulting pu!._e repetition rate (PP, R} of only

!ft.8 KBPS or 0.4 KBPS (one-fourth of the original PRI¢). The PCM TZM-

equipment also lurnishes a 51. g-kc or ].6-kc square wave timing signal to

the DSE, which is also divided by four. These five signals, the four

channels of PGM TLM and the clock signal, are amplified by the five digi-

tal record acnDlifiers and fed to the digital record heads. Only one ana]og

channel, the Z5-kc reference and timing signal from the ITQR, is scheduled

for use onSC0!Z.

During playback, the piayback heads pick .up the recorded data and

present it to the digital playback a_splifiers. The four parallel channels of

recorded digital data and the clock signal divided by four are picked up by

the five digital playback heads and presented to the ±_ve digital playback

amplifiers. The amplified signals are ,.hahn_,-outed R, the F,a_'_.i]e]-.to-serial

converter and the reproduce rr_odu]e. The. iour digital signals are converted

back to a single serial pu]se train which is fed to th.e I.>NIY_ equipn2ent. The

bit-rate of this output will always be 51. fiFiBPS, even if the recorded _lata

was originally i. 6 KBPS. This i8 due to different spe.eds used iff recording

and reproducing. The 51.Z KBPS high bit-rate PGM signal is recorded at

15 inches per second (ips) and p]ayed back at the same speed. The low bit-

rate signal of i. 6 KBPS is recorded at 3.75 ips, hoveever, -and played back

at IZ0 ips, an increase of 3Z times. This increases the 1.6 KB!°S PRI< to

51. Z KBPS.

The DSE is a bidirectional rnachine wit:h a tape transport mechanism

capable of forward or reverse operation at any of three speeds: 3. 75 ips

(low speed), 15 ips (normal speed), and iZ0 ips (high speed). The low

speed of 3.75 ips is used only to record low bit-rate PCM TLM data. The

DSG playback electronics is automatically disabJed whenever this speed is

selected. The normal speed of 15 ips is used to record and.play back high

bit-rate DCM TLM data. The high speed of !Z0 ips is _:sed for fast dump

of the low bit--rate PGM TLM data which was recorded at 3. 75 ips. The

high speed is also used for fast forward or reverse rewinding. Maximum

operating times, to record or play back the entire Z250 feet of tape, are as

follows: Z hours at the io\v speed of 3.75 ips, 30 n_iqutes at the normal

speed of 15 ips, and 3.75 minutes at the high speed of 1Z0 ips.

g
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PCM e'-----_ 1

R....I' Z-I-'I:E_ _-------_,EI ,____------
PCM Sl 2 KC

EQUIP

HAL-TO- , PCM
SE_ pc'a,

RRALLF k -

* CO PCM __

A_ t G -'_-----_

_A°/_ --_ RANEL_
INPUTS _---_' INPUT

PATCH -----_

Q i .... ___

25 KC _(
REF &

Fro_: TIMING

FOR _-------

R..... vo,cE[-_--1

rTLM INPUFS'I

PCM ,io.I SPEEDASSUR.._,I'----"--"
---_",_'_'o- LOWI SP_ED ASSUR,

@ I
f------ TAPE I i

Re C OkOE k i

RECORD (

--_r_<, OFF J

I

(SP_'YI
l SYSTEM

F_ID CONTROL

I

NORMI
LOW l

I--"T/C--I

(MDC- 2_;

E_G., P_ oRO_R-sI

GROUR-I

F _ 115 VAC ...t..
o

TELECOM- "_'-- 400 CFS 3_ _A
NON ESS

SWITCH

DAIASTORAGEEQUIPMENT

D,G,_AL CON'v'_RTER _'CM DATA

LLtLJ L__"L___J

AMP'S i R ' P -- 'i--:-.- l i F::I I-:[.....-J
F o !_l--'i

IE _,_ _ e - ,'_A'O_ -0 _ ___
ANALO _. A ---i_, " A _A K OUtPUt O

J R_C S PATCh ,_j _i

A',,PLS|--__ I SI--_ AM.P_SI----_OP^,EL_ "----

I F-- i L_-:I I-_ _----

F---I HE [IfWO REV [
O S C_IILALSA- ERASE ERASE AUDIO _OICF

X |1ERASE

DISA_sLE

I

SPEED CHANGE COMMANDS YO CLLqCH SOLENOIDS

END (.1_

EAPE

SENSORS

CAPSTAN

• DRIVE

" " MOIOR

I pC)wF_ I DRIVF

ON/OFF I,---_--I_ J MOTOR .

I

Figure g. 8- I0.

3 _AC F,VR

3¢_ AC PWR

"_ POWER SUPPLY i B_
& _* POWER --_ pWR

CONTROL RE LAYS

NOTES:

located on MDC-20.

2. For oddilional s_i,cF,

(ircuhl/, _ee PMP

Qn.J PCM 1LM eq,_ip-

menl illus_ro_ior._

3. Not =thuds•led for

_,s." on SC-012.

Data Storage Equipment

EAPE

DRIVE

MECHAN!SM

CAPSTAhJ

DMVE

MOTOR

REEL

,I_ DRIVE

MOTOR

• " T0 PMP

:1
: i _,jTR_"s
.-jQ

•',_ INT ERCO_.'

BUS

J _.,
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Tape speed and direction are controlled by the TAPE RECORDER-

:::4

_a

!!?ii

':_i!ii:I

i::i

!i

:i:i

:!i

SPEED and-- YWD/OteF/RE -V switches on MDC-Z0. Other TAPE

RECORDER switches are the RECORD/PLAY switch which selects the

record or playback mode, and the PLAY switch which selects the type of

data to be reproduced. The PLAY switch has two positions: PCtvl and

NORM. In either position, only PCM TLM data is reproduced and routed

to the PMP equipment. The S-BAND--VOICE-- TAPE switch must be set

to TAPE before the TAPE RECORDER-- PLAY switch becomes eff, ective.

The TLM INPUTS-- PCM switch also affects tape recorder operation when

recording. The interlock circuit in the DSE system control logic, which

prevents selection of conflicting operational modes, locks the tape speed at:

15 ips {normal) when the TLM INPUTS-- PCM switch is set: to _:!IGH. When

set to LOW, the tape speed is locked at 3.75 ips. The proper control switch

configuration for all DSE modes is shown in the table at the end of this

paragraph.

An end-of.-tape sensing circuit in the DS7£ automatically ren:oves

power from the tape drive mechanism and electronic circuits when the end

of the tape is reached,

Swi_ h Posit mu:,

S-BAND- II'M

VOICE TAPE R ECO}_DEi4 IN!'U I_

TAPE- _ WD I_(N_

DSE Off- ()If- IIR;ll-

Functmlls ANALOG REV [.OW

[(e_ord h_gh bit rate OFF It:(_11

Rc<ord low bit rate

Playback re{ orded

high bit rate

PK, yha_ k re< ordeal

PI,,_. b,,¢ k recorded::::::

:,l_x_,d mt rule

R_ po%l_tol, tape to

,-nd of r_'el (rewi,_d)

OFF

TAPE

TAPE

*I-APE

PLAY

PCM-

NORM-

A NA 1,O(3

Any

Any

PCM

or

N( ) R M

PCM

or

NORM

P(:M

or

NOR_A

SPEFI)

! I IGH - ll E(:OI{ D -

NORM - Olf-

t.O W P LA Y

N'O[: M 1: i:(;OI_ I)

LOW RECO}: l)

NOI/M PI,AY

IIIGI! PI,AY

NORM I>I,AY

OFF Any IIIGH PI.AY

::_'_J_ld_'r p_,:sct,t m_ssion proL ,,d:lr_s, thl_ n_,,d(, should not be n_'ct'_,ary.

l .o w

E

I

F

k

i:
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2.8.3.2.7 Flight Qualification Recorder (FQR).

The FQR is a 14-track magnetic tape recorder which is used to record

certain flight qua]ification measurements during critical phases of the mis-

sion. (See figure 2.8-11.) This data will be used for postflight analysis

only; the FQR has no in-flight playback or transmission capability. It will
be activated in a record mode during the ascent and entry phases of the

mission and during SPS burns.

#

Flight qualification data is recorded in analog form. (Digital data

cannot be recorded on tl.ae_-QR.) Two recording tracks (one record head

in each of two record-head stacks) are used for reference and time code

recording. To accmnplish this, an elapsed time code generator is used to

modulate a narrow-band VCO. The output of the VCO is then rni_xed with the

output of a 50 kc reference oscillator. This composite signal is presented

to each of the two record heads through two dii'-ect record amplifiers.

The FQR operates at a record speed of 15ips and a rev.,il_.dspeed of

]20 ips_ .The 15 ips record speed allows a total of 30 minutes recording

time per reel of tape. Because there are no provisions for crewn-mmbers

to change tape reels during the mission, the FQR must be used conserv-

atively. Normally, the rewind function will not be used unless it is required

to back the tape up to the beginning during prelaunch activities. End-of-tape

sensing is provided, which will automatically halt the tape motion and remove

power from the electronic circuits when the end of the tape is reached in

either direction.

Crewman control of the FQR is provided by the FLIGHT QUAL RCDR,

3-position toggle switch on MDC-]9. In the STOP position., all a-c and d-.c

power is removed. Placing the switch to RECORD activates all electronic

circuitry and the tape transport mechanisnl, which moves the tape forward

at 15 ips. The R}EWIND position activates the tempe transport mechanism to K_,c

move the tape backward at 120 ips..

The measurement numbers and nan-_es of the paran_e{ers Stored in

the FQR are presented in the following list. This does not include the two

FQR channels utilized for storage of reference and timing code storage.

Measurement Identity

Number

CG 2010 V

CG 2030 V

CG 2050 V

C]< 0004 A

CK 0005 A

X PIPA output, in phase

Y PIPA output, in phase

-Z PIPA output, in phase

Linear acceleration structure X axis A

Linear acceleration structure Y axis A

Mission

TELECOMMUNICATION SYSTEM

Basic Date !2 Nov 1966 Change Date Page
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25 KC REF

& TIMING

i
LOW-FREQ I
ANALOG

i_ INPUTS(3) i

Fro,r,:

FLIGItT

QUAL ANALOG

INSTR -b- INPUTS (9) t"
f

t
FLIGHT i

QUAL RCDR 1(mmc-i_.)

28 voc

NON J
ESSEN-

TIALBLJS ,--I NS TRUMENTS-nPAMXMTR {
NON ESS

T/C --,
GROUP 1 |

From: (MDC-22)

TELCOM-

t'4014 ESS "_ ..... -_o o
2A 115 VAC_

S',VlTCH 3 gr

1

FLIGHT QUALIFICATION RECORDER

25KcREFERENCE MIXER
OSCI LLATOR

TIME ______ [

CODE

GENEP&TOR

t 50 KC
REFERENCE -

OSCILLATOR

CONTROL
LOGIC

I

I

,o IDIRECi ..I.---- 81AS
RECORD OSCILLATOR

AMPL'S

ERhSE

AMPL

DIRECT

RECORD

AMPL

DIREC1

RECORD

AMPL

WIDE-

BA ND

VCO'S

TRANSPORT POWER

i [ ERASE
..... _ HEAD

i CHAN------J-_E--L_

CHANNEL RECORD

H_ADS

9 CHANNELS

__.___ VOLTAGE
REGULATOR

[ POW ER

SUPPLYl

]-----_ ] To:

ELECTRONIC
---4- CIRCUITS

_J

i
I
I:

I

i,
i
1
t

I

i
I

I ,_ I ITRANSPORT
j MECHANISm !

i
i
1

__,
SM- 2A- 854 B

Figure 2.8-11. Flight Qualification Recorder Equipment
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2.8.3. Z. 8

Measurement

Number Identity

CK 00O6 A

CR 0514 P

CR 0520 P

CR 0623 P

CR 0624 P

CR 0625 P

CR 0626 P

Linear acceleration structure Z axis A

CCW roll engine pressure, system A _

CCW roll engine pressure, system B

Fuel line pressure, system A

Fuel !ine pressure, system B

Oxidizer line pressure, systemA

Oxidizer line pressure, system B

Up-Data Link (UDL) Equipment.

The functi'on of the UDL equipment is to receive, verify, and distribute

digital up-dating information sent to the S/C by the MSFN at various times

throughout the mission to up-date or change the status of operational sys-

tems. The UDL (figure 2.8-12) consists of a UHF-FM receiver, a transistor

mode switch, detecting and decoding circuitry, a buffer storage unit, output

relay drivers, and a power supply. The UDL provides the means for MSFN

to update the AGC, the CTE, and to select certain vehicle functions.

Two operational modes are possible: Ut-IF and S-band. The _node

normally used is Ut!E. In this mode, the incoming 450.:mc up-data carrier

is received by the VHF ornni-antenna equipm.ent and fed to the UHF receiver

in the UDL. The intelligence is detected from the carri'er and rou_ed

Ihrough the mode switch to the sulk-bit detector, which converts it to a

serial digital signal. The digital autput from the sub-b._t detector 5s fed te

the remaining UDL circuitry, which stores arm checks the digital data,

deterrnines the proper destination of the data, and processes it to the

appropri&te S/C system or equipment.

Real-time commands from the real-time command (RTC) drivers

are supplied to the UDL RTC relay box'_,hich eontair,._ four, t_'rc,
Z-position, latching relays. Thus eight real-time comn,ands are po_Sible:

four "set" commands and four "reset" commands. The chart on the

f011owing page lists the eight commands by number and function°

The S-band up-data mode can be selected when the USBE is in opera-

tion, In this mode, the UHF receiver in the UDL is deactivated and its

function is replaced by the USBE receiver and the !_MP. Up-data infor_a.-

tion can be transmitted to the S/C within the 2-kn_c S-band signal. When

this signal is received by the USBE receiver; the 70-kc subcarrier con-

raining the up-data information is extracted and sent to,he up-data

discriminator in the PM1 _. The resulting composite audio frequency signal

is routed to the sub-bit detector in the UDL.

There are three external controls for the UDL equipment. One is the

three-position, center-off, U_-DATA switch on MDC-20. When set to the

TE LECONdMUNICA.TION SYSTEM
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i+iii
: .:2N

:]iii[_t
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, ,R1

:!;ii

•] Command00

01

0L

O3

04

0 5

0._

UDL Rvai-Time Command_;

Action

Deactivates system A

abort request light

Activates system A

abort request light

Effect on C-band

,7quipmer.t ope ratioh

determined by position

of C-band switch on

MDC=Z0

Turns C-ba,_d equip-

men| on in 2-pulse

mode

Effect on VIIF-NM

transmission of PCM

data determined by

position of VHF-I'M-

ON/OFF and TLM

INPU'I'S-HIGil/I+OW

switches on MDC-Z0

Turns VItF-FM

transmitter on and

changes bit rate from

low to h gb

Deactivates system b

abort request light

Acti,,ates sya, tet'n 13

abort request light

UDL

Relay

KI (RESET)

Kl (SET)

K3 (RESET)

K_ (SET)

K4 (RESET}'

K4 (SE] }

MDC-.20

SW Position

C - BAN I)

1 PU I.SE

OFF

2: pU L.S E

C-BAND

1 pU L¢3 E

OI-'F

Z PULSE

VIIF-FM

ON

OFF

I'I,M iNPUTS

PCM I{IGIt

LOW

V}tI,'- FM

ON

OFV

TLM INPUTS

PCM HIGH

LOW

Resu|ts

MI)C-

MDC-3 turns on abort light.

C-band equipment continues to

opvrate in l=pMse mode.

C-band ,.quiprn('nt rcm,lins )ff.

C-band equipment continues It)

operate in 2-puls(- mode.

C-band equipment continues to

operate but switches to Z-pulse

mode.

En(.rg, iz.'s C-band equipnwnl

whit'h oper,,tua in g-pulse

mode.

No effect on C-band op,,ration.

I':o effect on VItF-FM

t ra nsnlit te r.

No eff(,(t or_ VtIF-FM

transmitter.

PCM ]'I,M ren_ains in :,1. 2 t<F-.Si.

PCM TIJ'.I output is l.(, t<bS.

No effect on VHIc'-FM

trans;rJi!tor.

Vm- rgi?es \_}iF- FM

ira r.sndtte :'.

_<o effect on bit rate.

Switches from 1.6 KI_5; to

51; 2 KI',5.

NOTE If data i_ being ret,)rd.'d,

I)5;E will autumaticaHy >lop if

rAPE RECORI)-SPFEI) _t, tt¢ h

is not positiom'd to Ill(ill.

M DC-

MDC;-$ lurn_ on abolt [i£ht.

[

l

[

i

'!
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7

H

B

CUNT.

From: VHF From: USBE

_" UP-DATA Ll K

_M_iUHF/FM

"_'_#(L]"

DETECTOR j

[

i

t,41!

Ri

To: RCVR To: DET & DECODER

6V RET 8V 6V -6V RET

.... i L_
I
i

UP-DATA j

_o7_!N° I
....'_<]......................

I

FLIGH1 &

POSILANDI NO

BUS

I!::.IoRo0P-_
iiii!;7:_vDc .z,

_! •
-----4_ +28 VDC

NOTES: UP TLM

1. All RTC latchlng relays CMD

or__ :hown in reset p_hion. (MDC-19)
2. AN s_ilc},e_, ore on

MDC-20 unle_ otherahe "_

indicated. I
i RESET

_OFF

VALIDITY SIGNA_i_.I PCM ILM ]
EQUIPMENT J _t

,,_---'_Ti,_lno PULSET_,NS _ reset "

i_-_..... '.......-- ¢ CTBI
E,_. 6 VDC EXCITATIOb4 ]- t--- .....----- -L _ .
/ t ,,oc0A_A ,,,_'*_"2TGB'ANC4

I-1-............. lZ CO_,,TER1
_R • _U"TTL"T_--------
\REI . (MDC-14)

........... _ ACCEPT

i ......... --'----_"_" BLOCK

.... t cM_ _.L_.i-:_cE.i_'__ _. .

_ts /7 i F ....... 7 / NO. I NO, 3

[0,1 _ /', I t
_i - , I| i_ !--. [ I SY_T_,.,.,! .

1001_1 _ -r--- i /

I ! ...<.- ]. _'_S,E,_B|

i©-F --4-
Loi-,...,< ,q [..... -1
_ {}6-I-RESE,J j I _BAN,_J F--.... I

I _ t i ' i"uLS I I'CSAN_ I.__
I r--- t_ I OFEo.--,--.L.... ! X_N_P['7

l
• i rK,_'F[t -_--_-;;,_-_,z 1---'

" I --T- _o×

I-'CJ. i_ L_..+,<voc,,_v_.

i--'-l_ l To: Allrese_

windlngi

_] _K,-K_,
1

j 3_400 CPE

-] / VEIF-FM [--_1

--I.----_ _--- | VHF-FM |

I ON XMTR?! o<1 L_Lt
I L---t __ o ,28,'a"
I _ r- fLM INPUTS_ I '
I PCM |" " --i

' HIGH

-- PCM TLM

i LOW EQUIP _iLOW i ......

I
I
I
I

Figure 2. 8-12. Up-Data Link Equipment
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UHF position, the UH._F up-data_- mode is selected and Z8-vo!t d-c power is

applied to the UDL power supply. The S-BAND position also applies

Z8-volt d-c power, but selects the S-band up-data mode and deactivates the

UHF./_'M receiver. Another control, located on MDC-19, is the two-

position spring-loaded UP TLM CMD switch. When set momentarily to

the RESET position, all "reset" commands listed in the UDL real time

commands chart are commanded. This nullifies alt "set" commands

which have been received from the MSFlX!, .An UP TLM--ACCEPT/BLOCK

switch (MDC-14) is also provided which enables the crew to perrnit or pre-.

vent G&N up-data from affecting the guidance computer.

Central Timing Equipment (CTE),

The CTE provides precision square wave timing pulses of several

frequencies to time--corre}ate all S/C time-.sensitive functions. It also

generates and stores the real-time day, hour, n_inute, and second time-

frmrl-,launch (T]FL) in binary-coded decimal (BCD) format for disp]ay and

transmission to the MSFN, (See figure Z. 8--13. }

In the primary or normal mode of operation, the Apollo guidance

cornputer (AGC) provides a 10g4-kc sync pulse to the CTE. This auto-

matically synchronizes the GTE with the AGC and provides a stabilityof
±g x I0 -6 parts Jn 14 days. In the event of sync pu,se failure, the CT_,

automatically switches to the se'condary mode of operation with no time

lapse and operates using its own crystal oscillator at a stability reduced

to ±Z° Z x 10 ..6 parts in 5 days.

klZe W _ "' C(I ta'_3zS {,k, VU' %)OW'._'i," S ...... _"- " .u,o.__ __ . v;_u**uo-,,._, y. onc is

supplied fronq a different power source and through separate circuit
breakers. These circuit breakers, CENTRAL TiMI1NG $35S- MiN A and

-- MN B on MDC-2Z, provide the only external means of control for the

CTE. The two power supplies provide parallel 6-volt d-c outputs, dither

one'. of which is sufficient to power the CTE.

The timing signals generated by the CTE, and their applications, are

listed in the CTE Outputs chart.

CTF_ Outputs

Signal Destination Purpose

Synchronization of internal clock51g-kc

square wave

6.4-kc

square wave

PCM TLM

equipment

PMP

equipment

E PS

inverters

(tl_ree)

Modulating signal far S-band emergency key

transmission

Synchronization of 400-cycle a-c power

/-

E

L

E
_ T1EIHECOMMUN!CATION SYST Je;M

IViission Basic Date 12 Nov 1966 Chan_,e Date Page 2,8-38 [i
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LiJ

t
ii

E

:! i_ii

1024 KC

From: AGC o S-_'-_N C -

CENTRAL TIM!NG EQUIPMENT

512 KC

512 KC

ECS (ONE i0 S_C

PLILSE PER 10 h'HN)

........

5M-2A-565E

Figure 2. 8-!3. Central T_ming 17]quiplr, ent
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Signal

4-kc

square wave

lO-cps

square \VEVO

1 cps

DC

Binary

coded

decimal

time code

l pulse per

10 minutes

SYSTEMS DATA

Destination

SCS

Displays

PCM TLM

equipm.ent

PCM TLM

equipment

PCM TLIvi

e q uipno ent

l_'urpo s e

Synchronization of X-axis accelerometer

integrator

Digital event timer

Synchronization of subframe of PCM data.,

Displays, and T-Tinaer

Y_htlse-.fail detection and indication.

(Sampling -_a[e equals i0 Samples/see,

¢itl'± o, vl Olx, )51- se," pulse _ ....."

Provides time code data. to TL!vI in BCD

format: (TI,E4 measurement i'qo. CT014Zt:,

ECS

C T-GM5 3Z bit).

Supplies pulse every 10 minutes to ECS

circuitry which opens a solenoid• for 10

seconds in every !0 minutes to remove

water fron_ space suits.

i ,Voice Recoraezs

Two voice recorders have been provided to enable the crewmembcrs

to keep a voice log of mission activites. Both units are mounted in the

right-hand equipment bay, one in an operatir, g condition and the other

stowed. Changeover to the inoperative recorder is made by changing the

electrical power connector.

Each tape recorder provides 450 feet of I/4-inch tape which operates

at a speed of 0. 6 inches per second. The use of tape reversal, automatic

head switching, and four individual recording heads provide ten hours of

usable recording tipne per t&pe recorder° The inforn_.ation contained on

the tape cannot be dumped during flight but must be played back utilizing

suitable GSE.

To ready the connected voice recorder for operakion, the fol]o\vJng

switch positions must be selected: the RCD]I/H]F switch to T,,'R (MDC-!3,

-23, -g6), the in':ercom switch to T/R, the ]IF power switch to OFE

(MDC-Z0), and the mocte se]ector to SSB ar AM. (See figure g. 8-14. )

Ac(tual activation of the voice recorder is possible three ways: two correct;

one wrong. 7he first correct activation path has the wOW ER switch at

P'I'T (MDC-13, -Z3, -Z6) and the PTT pushbutton on the cobra cable

depressed. The o':her correct nqethod of activation requires the POWER

switch to be at VOX and the VOX circuit enaMcd or the PTT pushbutton

':t
F_

_' T ELE CO ivhM'O Iq ICAT iON SY STJEM

:ii

_.,,:_,,,ion .............. Ba._i_ Da.tc_!%..E':'2':__.('_... Ch,_n,_.;,_.L._,.,_e.................... P_;e ....... _o a-.4o
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G

D

U

B

r--- RECOVERY--_

r--- H F "-"_

SSB

o
BCN

4
AM

" T/RI
o-----t

L,--£ OPFI----1
oRECI/

iNTERCOM _"- I-_'-t--

VOICE

INPUT ! /

'I1
t

' (MDC ~ 20)

[
HF AUDIO CENTER] ]

I
I

_"--'--_ _VOl( E
ISOtATIONI_ ',OUT

AND _"_-- -'q

DIODE SW I I i

_ s-i
_IKE_ I
AMFL

vox [ I

POWER

J PTT o

IOFF o._,-o-----q
vL_ I _.

I

r-F -_ I

vox SENS-----',,__ L____°_-_
E

r
I

To: HF

TRANSCEIVER

IP.ANSMiT-

RECEIVE KEYING

RELAY

e-._'_'ac I
NON ESSBUSt :.:! _,F I

5.aa
MN A _--.:: :"_

. [7 4{-,a-,--,> o OF F {

_._:.,g (MD(.-22) [ MAIN '

" i: _ BUS I
NCN ESS

BUS NO.1 _'_'_A B I

_j- l

i

I
i
I

VOICE _ 7 ......... -T ....... I

INSTRUMENTS RECORD II _ r'-_ r'----a---1 I

,'% _I !./11"EAD I;-:IRECORDI _
---_ -----_ll---l-<-_ l-J HEADS ['2.[ HEADS J l

5A I
i---_J I "41 r-L l

PAM XMTR (MDC-|9) _ TAPE __ _ __T"_ I
NON ESS , MOTION T T T ] !

MDC--22) . i At_PL, ].._! !lJI

' {_ I-<
I TRACK

" SWITCHING --'_i T _-_ NS

TEtECOM-

TELECOMMUNICATIONS MUNICATIONS

GROUP 4 GROUP 1

t_:f:_'%_:__:_ +28 VDC .L. P<,
i0 _. 2A

FLIGHT AND (MDC--22) (MDC- 22)
POST LANDING

BUS

'I:__" 26 VAC

-5 VDC +12 VDC

SIGNAL CONDITIONER

ELECTRONICS

--J--_+J "_4 ,_,×_R b----4 _,AS !

I q.i'@]Tr _ LZLL_J
• VOICE

I_.... _ I RECOJ_ER

TIME CODED DATA FROM

MDAS TIMING GENERATOR

E t.,_
TELECOM

NON ESS

ACI

_---_,o OFF

AC2 o.

(MDC-- 22)

NOTE: ONLYCOMI'A,\ND PILOT AUDIO CENTER MODULE AND CONTROLS ARE INDICAI'ED.
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depressed.

by positioning the HF mode switch to BCN (MDC-Z0). This would continu-

ously run the connected voice [ape recorder until it used up its tape. A
VOICE ItECOI{D D.ag indicator (MDC-19) will display the striped area when

recording is in progress. Tl_e indicator grey area will be displayed when
voice recording is not in progress or the tape supply i_as been exhausted

during recording.

The stowed voice recorder may be placed in operating condition by

moving the RCDR/HF switch to OFF (MDC-13, -Z3, and -Z6), removing
the electrical connector from the exhausted recorde_, and installing it to

the connector on the stowed recorder. Operation is resumed by moving the

RCDR/HE switch to T/R (MDC-13, -23: or -26).

The connected voice tape recorder can be inadvertently activated

NOTE To include the timing reference w_hile recording

on the voice tape recorder, the MDAS 1,/i7_?,IPOWEP_ switch

must be ON (]_,ET3compartment C) and the TIMER switch

must be at "NOF_MAL."

RF Electronics Equipment Group.

The IKE electronics equipment group includes all T/C equipment which

functions as FiE transmitters or xeceivers. The antenna used by this equip-

ment are mentioned only briefly in this paragraph. More information on the

antennas can be found in the paragraph on ante_2na equipment.

VHE/AM Transmitter-l_eceive£ Equipment.

The VHF/AM transrnitter-rece.;ver equipment (figure Z.8-15) pro_ddes

the primary means for in-flight voice communications with the MSFN. It is
contained in the same electronics package as the VHF recovery beacon

equip_nent, in the LEB.

Two modes of operation are possible: ,_Amplex and duplex. The

simplex mode -will normally be utilized. The duplex mode will be used on
future missions for EVA and LEM communications. Du._ing recovery, the

transmitter can be utilized as a backup VHF recovery beacon by holding

down the PTT key.

The transmitter operates at 296.8 mc iu both operational modes. The
receiver contains two "front ends. " The receive 1 front end operates at

Z96.8 mc and is used for simplex operations. For duplex operations, the

receive Z front end, which operates at 259. 7 mc, is selected.

The V HF/AM transmitter-receiver is controlled by the VHF-AM con-
trois on MDC-ZO. The T/K/OFF/REC sw_tch activates the transmitter and

receiver when in the T/I% position; the R_EC position activates the receiver

alone; the OFF position removes power from both. Simplex or duplex

operation is selected by placing l:he IKCVR switch to i or Z, respectively.

The remaining, thumbwheel-type SQUELCH hontrol can be rotated up or

down to increase or decrease the sensitivity of the squelch gate.

Audio to and from the VI-IE-AM is controlled by the VHE-.AM-T/I_t/

OFF/KEC switch on MDC-13, -Z3, -Z6. Voice transmission is possible

when this s_4tcll _s at T/iL the POWER swi1_ch is a_ PTT, the cobra cable

PTT/CW switch is at PTT and the PTT key is pressed.

NOTE The POWER switch can also be at VOX, but actual

keying of the VHE/AM must be via the PTT circuit.

[

[
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I

I
I
L

I_ [ REGULATOR ]

DC-DC __. AND
SWITCHER Tg_NSIENT

SUPPRESSOR

+15V

POWER SUPPLY

TRANSFORMER

CONVERTER

STAR?ER

VHF AM

{MDC-20)
T/R
IOFF
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TELECOMMUNCIATiONS

GROUP 4

(MDC._22)

.o c .....

7.5A

[ :] FLIGH, .

28VDC! ]AN[)POS1

i !ANDING
L_ BUS

SM-- 2A- 677D

Figure Z.8-16. VttF/AM Trans_ni.tter-Receiver Fqu_.prrlent
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The VHF portion of the upper or lower SCIN antenna is used during

flight. VHF recover}" antenna No. Z is used during recovery. Antenna

selection is made with the VHF ANTENNA switch on MDC--Z0.

HF Transceiver Equipment.

The HF transceiver equ]pn_ent (figure Z. 8-16) is the prin_ary n-_eans to

aid recovery operations during the postlanding phase of d_e mission by pro-

viding long-range, sin_plex, voice communications and beyond line-of-sight

direction finding capabilities. It is contained in the same electronics pack-

age as the VHF-FM transmitter equipment in the LEB.

The HF transceiver equipment is controlled by the RECOVFRY-iIF

switches on MDC-Z0. The ON/OFF switch, when placed to ON, connects

d-c power to the transceiver. The.SSB/BCN/AIvi switch is used to se.lect

the operational mode. Three modes of operation are availabl.e; single side-

band (SSB), beacon (BCN), and amplitude modulation (AM). The BCN mode

is used to transmit an unmodulated, continuous wave, direction finding

beacon. The SS]3 and AM modes are used for long-range, simplex, voice

communications. The operating frequency is I0.006 mc for the transn-.itter

and receiver in all modes.

The audio center equipment supplies the audio input to the modtN.ator in

the translator n_odu]e and accepts the detected audio signal fro_T_ the receiver

module of the transceiver. The HF transmitter is keyed by VOX or PTT.

The lie recovery antenna is used for transmission and reception and

will be deployed a.fter touchdown as part of the postlanding sequence of

operations. The transceiver must not be operate;d prior to antenna deploy-

rnent or damage may occur.

\rHmlFM Transmitter ]_o_,_*

The sole function of tlte VMF/FM transmitter equipment (figuze Z. 3-17)F.

is to transmit PCM TLM data to the MSFN. These data are supplied to the {

VHF/FM transmitter by the PMP in the form of a 3-volt p-p pulsating,, d--c,
i

modulating signal at a rate-of 51; Z00 bits per second (bps) or 1600 bps. The _:_

bit rate depends on the PCIv[ rate selected.

The nominal (center) frequency of the emitted RF carrier is 237.8 inc.

Because the transmitter is frequency modulated, the 3-volt p-p rnodu!ati_,g

signal causes a frequency deviation of ±125 ]<c. The resulting !0-watt RF

output is fed to the VHF portion of the VHF/Z-KMC SCIN an.tennas.

The only external control for the VHF/FM transmitter equipment is

the VHF-FM --- ON/OFF switch on MDC-Z0 which energizes a relay in the

transmitter, applying a-c power to the equipment. If the switch ]s set to

OFF, the VHF/Fk4 kansmitter can be activated from the hlSFN by a _ea!--

time command via the UDL equipmen%

:_! TELECOMMUNICATION SYSTEM
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The USBE (figure 2.8-18) consists of a receiver, transmitter, and

power supply contained in a single electronics package in the lower equip-

ment bay. Although priir_arily designed for deep-space communications,
the USBE will be tested on this mission and used as backup for in-flight

Voice con-_munications, tracking and ranging, transmission of PCM data,

and reception c_fup-data. The USB'E also provides the sole means for

tran.smission of TV

The USBE tracking method employed is the two-vcay or double-doppler

method. In this technique, a stable carrier of known frequency is trans-

mitted to the S/C where it is received by the pn_se-_o_ked receiver, multi-

plied by a known ratio, and then retransmitted to the MSF'N for comparison.
Because of this capability, the US]BE is also referred to as the S-band

transponder. From the double-doppler tracking method: S/G velocity,

acceleration, and range can be determined.

_'or detem-nining S/C range, tbe MSFN phase-r_:_odulates the trans--

m_tted carrier with a pseudo-random noise (PRN) binary ranging code.

This code is detected by the S/C US]BE receiver and use'd to phase-modulate

the carrier transmitted to the MSFN. The MS_N receives the carrier and

measures the amount of time dealy between transmission of the code and

reception of the same code, thereby obtaining an accurate measurement of

range. Once established, this range can be continually up-dated by the

double-doppler n-_easurernents discussed earlier. The MSFN can also

transmit up-data com_nands and voice s_gnals to the S/C USBTt. by means

of two subcarriers: 70 kc for up-data and 30 kc for up-voice.

The US28E receiver is a phase-tracking receiver that accepts a

2106.4-mc, phase-modulated _I v signal containing the up-data and up-voice

subcarriers and a pseudo-random noice (PRN) code when ranging is desired.

This signal is supplied to the receiver via the diplexer in the S-band power

amplifier equipment and presented to two separate detectors: the lo0p

phase detector and the ranging phase detector. In the ranging phase

detector, the 9. 531-mc IF is detected; and the ?0-kc up--data and 30-kc

up-voice subcarriers are extracted, amplified, and routed to the up-data

and up-voice discrilr, inators in the PMP equipment. Also, when operating

in a ranging mode, the PRN ranging signal is derived, filtered, and routed

to the USBE transmitter as a modulating signal input to the phase modula-

tor. In the loop phase detector, the 9. 531-mc IF signal is detected by

comparing it with the loop reference frequency. The resulting d-c output

is used to control the !requency of the 19.06Z5-mc voltage-control]ed

oscillator (VCO). The output of the VCO is used as the _'eference frequency

for receive_ circuits as wall as for the transrnitter. The receiver is also

provided with automatic gain. control (AGC) and antenna selector circuitry

which automatically selects the proper SCIN antenna when the S-BAND

ANTENNA switch is in the AUTO position. The AGC circuitry also supplies

a signal to the S-BAND ANT S-meter located on MDC-19. By observing

this meter an'd rotating the S/C, the optimum S/C attitude for S-band

communications can be attained.

TELECOMMUNICATION SYSTEM
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The USBE transmitter is capable of transmitting a ZZ87.5-mc signal,

either phase-modulated or frequency-modulated, in the Plvi triode, the

initial transmitter frequency is obtained frown one of two sources: the VCO

in the phase-locked USBE receiver or the auxiliary oscillator in the trans-

mitter. When operating in the FM mode, the VCO or auxiliary oscillator

initial frequency is not multiplied and used directly, but is used to control

the frequency of a third oscillator; the !mk4 VCO. The FM VCO is the source

for the frequency-modulated ZZ87.5-mc signal.

Output mode and frequency source are controlled by the S-BAND group

of switches on MDC-Z0. The VOICE and EMERG svzztches, contained in

this group, also have an effect on PMP operation, thus ensuring comp_.ti-

bi]i_y between USBE a:_d PMPmodes. All data to be transmitted by the

USBE is supplied by the PMI °. Normally, the initial transmitter frequency

is obtained from the receiver VCO. ]incase of failure of the VCO or

S-band PA equipment, the au×i]iary oscillator can be selected. This is

done by moving the OSC switch from PRIA4 to SEC (with the RIqG/RNG

ONLY switch at the normal, center position) or by plading the EMERG

switch to VOICE. If the latter is done, the PMPwill provide a voice

naodu]ating sig_al directly tc,the a_xiliary oscillator.

With all three S-BAN1�--VOICE switches and the S-BAND- EMEI{G

switch set at their center positions, the USBE transmits a phase-rnodulated

signal containing PCM TLM and voice data from the PMP. Setting the llIqG/

RNG ONLY switch to RNG, enables the PIIN ranging code to be.transrn'_tted

also. Setting this switch to RNG ONLY, adds the .]?RN ranging code but:

elin)inates the PCM TLM pbrtion of the I°M input from the PMP. This

mode is used to increase the strength of the PRN ranging code received by

_he N{Si_"N. The other two S-BAND-- VOICE switches are the TAPE and

the TV switches. For PM operation, both of these switches must be at their

center, off position. Setting either of them to any other position changes

the USBE mode to FM for increased band--width and selects the FM-_I output

of the PMP. Thus, tblese four switches (the three VOICE switches and the

EMERG switch) are used to establish the operational n)ode. Only one

switch at a time may be placed to any position other than center for proper

operation of the USBE and PMP. For further description of PMP outputs,

refer to the discussion of the PMP equipment.

The USBE is activated by the S-BAND-- XPONDER/XPONDER .-PWR

AMPL switch. Setting this switch to XPONDER or XPONDER I:_VR AMI_L

energizes a relay that applies 1!5 volts ac to the US]BE power supply, which

provides +15 volts dc and -15 volts dc outputs to the USBE trans_Ktter and

receiver. The RF output of the USBE transmitter is fed to the S-b_md

power amplifier equipn_ent. Here, the signal is either bypassed directly

to the S-BAND ANTENNA switch or amplified and then fed to the S-BAND

AN[[ ENNA switch.

R

E

F

[

[

E

[

,_. 8.3.3.5
S- Band I_o\ver Amplifier Equipment.

The S-band power amplifier (PA) equipment (figure 2,8-].9) is used to

amplify the P,F output from the USBE transmi_te'_- when additional signal
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MSFN. It consists of a diplexer, a traveling--vcave tube for amplification,

power supplies, and the necessary switching relays and control circuitry.

The S-band PA is contained in a single electronics package located in the

lower equipmem- bay.

All received and transmitted S-band signals pass through the S-band

PA diplexer. The ?.106.4-mc S-band carrier received by the S/C enters

the S-band PA diplexer from the S-band antenna equipment. The diplexer

passes the signal straight through to the USBE receiver. The 2287.5-mc

output signal from the USBE transmitter enters the S-band PA where it is

either bypassed directly to the diplexer and out to the S-band antenna equip-

ment, or amplified lit'st and then fed to the diplexer. There are three

power amplifier modes of operation: bypass, low power, and high power.

Two of the S-BAND switches on MDC-20 are used to control the

S-band power ,__mplifier. Setting the XPONDER/XPONDER PWR AMPL

vwitch to tke XPONDER PWR AMPL position energize.s the USBE power

supply and applies 3-phase 115-volt a-c power to the S-band PA through

relay K] in the circuit utilization box. TMs also activates the 90--second

time-delay relay in the S-band PA. Upon initial application of power, only

the low-voltage power supply is energized, which applies power to the

traveling wave tube heater. After 90 seconds, the RE signal from the

USBE transmitter is switched from the bypass circuit to the amplifier

circuit and 3-phase ll5-volt a-c power is applied to either the low power

or high power section of the high-voltage power supply, which supplies the

correct operating voltages to _he re_naining eiernents of the traveling-wave

tube. Selection of thc low power (LOW) or high l:,owez (iilGiI) _node is

controJled hy the S-BAND -- !:_._P, A)APL -- HIGH/LOW sv, dteh.

C-Band Transponder Equipment

An earth-based C-band tracking and ranging system is .used to provide

S/C position data to the MSFN during the launch, near-earth, and entry

phases of the mission° The function of the S/C C-band transponder equip-.

ment (figure 2, 8-Z0) is to effectively extend the range of the system beyond

that which would be possible using skin-tracking techniques only. Upon

reception of a properly coded pulsed interrogation from. the earth-based

equipment at 5690 mc, the C-band transponder transmits a response pulse to

the earth after a 3-microsecond delay at 5765 inc.

The C-band t.ransponder contains four receivers, a transmitter, a

power supply, and associated circuitry for comparing and decoding received

signals and switching antennas. There are four C--band antennas, one for

each receiver, located around the perimeter of the command module. The

interrogation may be received by any one or more of the four antennas and

routed ti_rougb circulators to the associated receivers. If the pulses are

properly coded the comparator determines which antenna received the

strongest signal and activates the switch driver, which drives the RF

•_:; TELECOMMUNICATION SYST.sM
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Switch

Name

Function

S-bandPMmoderealtime
xoiceanddata

S-bandFMmoderealtime
voice,dataandTV

.S-band FM mode real time

voice, play back data

S-band emergency voice

S-band e.mergency key

S-band reception of

up-data

_..

Notes: I.

' 1S-Band Pwr I

Pox_e r Ampt OSC Ranging

l RNO-

HIGH PRIM Off-

LOW SEC RNG ONLY

LOW PRIM RNG

XPONDER LOW PRIM

PWR AMPL or

SEC

XPONDER LOW PRIM

PWR AMPL or or "

I'IG i
PWR AMPL

XPONDER LOW PRIM

PVCR 7_MPL | or I or

HIGH [ SEC

X PONDER I LOW PRIM

PWR AMPL _;GH or

SEC

XPONDER I LOW PRIM
!

or _ or or

XPONDER-

OFF-

XPONDER

PWR AMPL

XPONDER

PW R AMPL

TAPE-

Off

Off

Off Off

Off Off

t
Off TAPE

Off Off

Off Off

RNG Off

Off

TV-

Off

Off

Off

TV

I

I
i

Off

i

Off

Emergency UP Data

S-Band Ant

I

Voice- 1

Off-

Key

o_ I

Off

Off

VOICE I

KEY

I Off

S-Band-

Off -

UHF

As reqd

As reqd

As reqd

As reqd

As reqd

". As reqd

S-band

XPONDERpwRAMPL ! tlIGH SEC RNG ON1,Y !

TAPE and TV sv,'itcht, s ,ire i-position switches with the do,an position no longer pcrforr_ing a valid function.

switc%es should not be _elected.

AUTO- I

UPPER-

LOW E R

UPPER i

or

LOWER

as reqd

UPPER

or

! LOWER

as reqd

UPPER

or

LOWER

' as reqd

loTPER
I LOWER

UPPER

or

LOW E R

UPPER

or

LOWER

UPPER

or

L O W E R

R e ma rk s

TV camera power switch ,'xmst

be on.

DSE switches must be

properly configured for

play back•

Cobra cable mode switch at CW

and PTT button used as key.

I'he down position of these

If •: <:::k
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switch to the proper antenna position. Three microseconds after interroga-

tion, the transmitter sends a response pulse to the selected antenna. This

3-microsecond delay gives the lie switch time to operate. It also enables

MSFN personnel to simultaneousl_ observe the transponder reply and the

skin track reply on the same visual display device (cathode ray tube),for

comparison.

Two modes of operation can be selected: 1 pulse or 2 pulse. Mode

selection will depend on the type of earth-based radar equipment that is

being used at a particular area in the orbital path. During the launch and

ascent phases of the mission, the Z-pulse mode will be used.

The only external control for the C-band transponder equipment is the

C-BAND three-position toggle switch on MDC-Z0. The OFF_ position

removes a-c power from the equipment; the 1 ]PULSE and Z ]PULSE positions

apply a-c power to the equipment and -select the mode of o,)eration. Activa-
tion and mode selection can also be commanded from the MSFN by a real-

time command via the UDL equipment.

VHF Recovery Beacon Equipment.

The VHF recovery beacon equipment (figure Z. 8-21) provides a line-

of-sight direction finding capabilities to aid in locating the S/C duriug the

recovery phase'of the mission. It is located in the same electronics pack-

age as the VI-IF/AM transmitter-receiver equipment in the LEB. The

beacon signal emitted is an interrupted Z43-n-_c carrier, modulated by a

1000-cps square wave. The signal is transmitted for Z seconds, then

interrupted for 3 seconds.

Manual control of the equipment is provided by the RECOVIERY ---

VHF-BCN_ two-position ON/OFF switch on MDC-20.

The output of the VH]_" recover?- beacon equipment is fed to VHF

recovery antenna. No. i, which is deployed automatically when the main

chutes are deployed.

GF]£ V HE Survival ]3eacon/Transceiver.

The VHF beacon/transceiver is a hand-.held GFE item to be used in

the recovery phase of the Apollo mission. The unit, plus an extra battery,
is stored with the survival equipment,

t-a,::a_?

Figure Z. 8-ZZ shows the three major parts of the unit, the trans.-

mitrer-receiver assembly, the battery pack assembly, and the quarter wave
antenna.

The receiver-transmitter assembly and b_tttery pack assembly mate to .

form a water-tight unit measuring 8 by 4-1/2 by 3 inches. The antenna is
an _l-.!/2-ipch-long tapered fle_ble steel tape, terminated in a coaxial RF

connector, and is normally stored in a retaining spool and clip on top of i:he
radio unit.

The radio is capable of line-of-sight operation in either of two modes

(beacon or voice) through use of either its own antenna or a suitable con- •

nected remote antenna. The transmitter output is protected against damage

while operating due to accidental shorting of the antenna or subme_;gence of

the unit in salt water. "In the beacon mode, the transmitter operates

unattended, for periods up to 24 hours, to transmit an interrupted i000-cps
tone, amplitude modulated g5 percent on the 243-me RF carrier. In the

TELECOMMUNICATION SYSTEM
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L_ _ J_=\ I ISEKCTOR GUARD

I[hY _'l'lb¢ ,I

1

.,,°.,,%

CS-7025 i. + )

Figure Z.8-22. Survival Beacon/Transceiver >_adio

voice mode, the radio provides two-way AM voice communication through

use of an integral speaker-microphone and PUSII-TO-TALI( switch.

Antenna Equipment Oro_]p. ['7!':

i

The antenna equiprnen_ group contains all of tl_e S/C antennas and ',

ancillary equipment used in the T/G system. (See figures 2.8-Z3 and L>._

z, 8-24. )

VHF/Z- KMC Omni- _._ntenna Equipn_erlt.

The VHF/Z-t<me omni-antennas artd corresponding anc_l].ary equipment

consists of two VHF/Z--krnc SCIN antennag, a VHF multiplexer, a V}-IF

antenna switch, a Z-l<mc antenna switch, and the necessary signal and con--

tro! circuits. The function of this equipment is to provide capabilities for

radiation and pickup of IiF signals in the V}IF and S.-band_spectrums. The

VHF portiod_ of this equipment is used in conjunction with the up-data link

(UDL) receiver, the VI-IF/FM transmitter, and the V}IF/AM tran_mitier-

receiver on two frequencies. The Z-kmc portion of this eqmpment is used

with the USI_E.

The VHF mul.tiplexer is a passive, six-channel, filtering device which

enables six items of VlffF transmitting or receiving equipP_)ent to uti].ize one

VHF antenna simultaneously, The six channel fi]ters are composed of two

or three-tuned cavities, each of which function as bandpass filters_ No

power is required by the device and there are no external contro]s.
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Figure 2.8-24.
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The VHF/Z-kmc SGIN antennas are dual-purpose antennas with approxi-

mately hemispherical radiation patterns. Figures Z.8-Z5 and Z.8-26 show

the propagation patterns of ti_e VHF-UHF and S-band portions of the antenna,

respectively. The word "SCIN _' is an acronym for "SCimitar" and "Notch."
Because of its characteristic shape, that portion of the antenna used for VHF

is called a scimitar. In the broad end of the scimitar is a notch which

functions independc-.ntly and is used for S-band frequencies.

There are two VHF/g-kmc SCIN antennas; they are located on opposite

sides of the S/C. One is located near the +Z axis and is called the +Z or
lower sC!N antenr:a; the other is ]oca_ed near the -Z axis and is called the

-Z or upper SCIN antenna. Because of their approximate hemispherical

radiation patterns, fully omnidirectional capabilities can be obtained only by
switching, from one anter-na to the other. This is accon__plished with the VIIF

ANTEN_,_}k remote control switch on MDC--20 for VHF communications, pr

with the S--t3AND AN'£_ENNA. remcte control switch, also on ]vI.DC-20, for

S- band co_-nm.unications.

/

+Y

-Z SURVIVING ANTENNA

I \
I \

"/ I

I

+Z

_Z NONSURVIVING ANIENNA

-Z

SURVIVING

ANTENNA

-Z ANIEidNA USED WHEN VEHICLE/

MSFN LINE OF 5iGHYIS IN-Z

HEMISPHERE, +Z ANTENNA USED

WHEN VEHICLE/MSFN lINE OF SIGHI'

tS IN +Z 14EIv'_ISPHERE; D(CEPT

_Aq4EN'LiNE OF SIGHT iS _ITHIN

45 DEGREES OF +X AXIS; [HEN USE
CI'-"OPPO..,,K ANTENNA. o-......

CD-272 i _ '_

Figurc 2.,.8-Z5. Antenna Switching Kegior, s, V:[-Ii:_--UHF
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]

U

U

D

w

' Z

SURVIVING

.IANTENN A

"),..8.3..i.g

+Z

NONSURVIV!NG /

AN_NNAI_//_

Antenna Switching Regions, S-Band

::D.o27].i+ i

+X

Figure g. 8--Z6.

The lower (+Z) SCIN antenna may be burned off during •entry. The

upper (-Z) SCIN antenna is located at a minimum heat point and is covered

with ablative material to provide thermal protection for entry survival..

flip Recovery Antenna Equipment

The _ recovery antenna is provided solely for use with the }.IF tr.a.ns-

ceiver to provide for voice communication with recovery forces after touch-

down. It is stowed inside a canister, located in the forward comparh_ent of

the S/C, until deployed by manual, activaM.on of a pyrotechnic device. The

pyrotechnic device is activated by setting the POST LANDING--.ANTENI'$A

DEPLOY switches to their upper positions (A and }3), while the MA.STER.

EVENT SEQ CONT switches (Z) are at PYRO ARM (MDC-Z4) position.

2.8.3.4.3 VHF Recovery Antenna Equipment.

There are two VHF recovery antennas, No. 1 and No. Z, stowed i'h the

forward compartment of the S/C. Each antenna consists of a quarterwave

TELECObIMUi_HCAT!ON SYSTEM
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2.8.3.5

2.8.4

stub, 11 inches long, and a ground plane. They are automatically deployed

8 seconds after main parachute deployment during the descent phase of the

mission.

VHF recovery antenna No. 1 is connected to the VHF recover beacon

equipment through a coaxial connector on the coaxial bracket, MDG-9° VHF

recovery antenna No. 2 is to be used with the VHF/AM transmitter-receiver

equipment, thus it is connected to the VHF antennaswitch, also through a
connector on the coaxial bracket. The purpose of the coaxial bracket,is to

allow either of the VHF recovery antennas to be used with the GFAE survival

transceiver. This requires that the coaxial cable from one of the antennas

be manually disconnected at the coaxial bracket and reconnected to the

survival trans ceive r.

C-Band Beacon Antenna Equipment.

Thei'e are four, flush-mounted, C-band beacon antennas located

around the perimeter of the S/C near the four S/C axes: +Z, -Z, +Y, and

•-Y. All four antennas are connected, at all times to the C-band transponder

equipment with reception by all four antennas. Circuitry in the C-band

transponde-, - equipment determines which antenna received the strongest

signal and automatically selects that antenn.a fox" transmission of response

pulses.

Electrical Power Distribution.

Electrical power distribution for the voice and data_ and the RF

equipment groups is -shown on sheet I of figure ,?,.8-Z7. instrulnentation

equipment power distrJ.bution is shown on sheet g. Electrical power to

most of the equipment on sheet i is controlled by the T/C switches on

!vIDC--Z0. These switches and control circuits can be found on the illustra-

tions for the individual components in paragraphs 2.8.3. 3 and 2.8. 3.4.

PERFORMANCE AND DESIGN ]DATA.

The following chart contains the a-c and d-c power consumption values

for the T/C voice, data, and RF equipment.

E
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SCE
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FQR

CTK
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receiver

t!i: transceiver
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T/C Equipment Power Consumption

Control

PWR switch to VOX,

MDC (13, 23, 26)

SCE PWR switch ON,

MDC 20

PGM control button ON,

MDC 22

PWR switch ON, TV

carnera tland [e

PMP PWR switch ON,

MDC Z0

+ TAPI_2 SW[TCIt ON,

MDC Z0

EMER VOICE sxvitcn

ON, MDC 20

.KM_R KKY ON, MDC 20

RI£ COtEt)/P LAYBACi<

ss_dtch other than OF]:',

MDC Z0

RECORD switch to

RECORD MDC 19

UDL switch to VHF,

MDC ZO

2-CTE control buttons

ON, MDC 2Z

VttF/AM switch to REC,

MI)G 20

VttF/AM switch to T/R,

MDC 20

VHF/AM switch to T/R,

PTT butto_ ON, cobra

cable MODIL' switchto PTTI
I

HF POWER switch ON, I

IMI)C 20

tIF PWR switch ON,

MODK switch to BCN or ]

IAM, MDG 20, cobra cable

PT'F butt.on ON

llF PWK switch ON,

MODE switch to SSB,

PT'I' button on cobra

cable ON

VII}' t:M switch ON,

MI)C 2O

D-_.X_atts I

6.0

go6

Z. 6

3. Z

3.6

0.5

34.0

9.6

El.0

1.5

15.5

61.5

0.6

29.0

,t0.0

1.5

A-C Watts

45. 0

10.5

4.0

6.4

32. 5

15.0

50. 0

Total

D-C WattstA-C Watts--7-7-, ,

45.0

10,5

6,0

.2.6 6.4

2,6 6,4

3,2

3,6

0.5 32.5

34,0 15,0

9,6

21,0

, 1,5

15,5 M

61.5

0.6

29,0

40. 0

1. 5 50.0
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VtqF recovery beacon

2-KMC antenna switch

Voice recorder
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S-BAND XPONDf'R

switch to XPONDER

MDG 20

S-BAND XPONDER

switch to XPONDER PWR

AMP, PWR AMP switch

LOW, MDC 20

S-BAND XPONDE R

sv,dtch to XPONDER

PWR AMP, DWR AMP

switch HIGtt

G-BAND PWR switch

1 pulse or 2 pulse,

MDG 20

VHF BCN switch O1'%,

MDC 20

S-BAND XPOND/LR

switch ON S-BAND

svAtch changed,

MDG 20

HF switch and INTER_

GOM switch to TR,

MDG 20; PTT button

ON on cobra cable

3.0

_.0'

3.0

O, 025

__L

A-C Watt_

i3.5

27.4

Fota[

80.0

D-C Watts .\-C Watts

3.0

3.0

75.0 3.0

6.0

15.0

I. 99 .025

13.5

27.4

80.0

75.0

1.99
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2.8.5 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

:!:_ 2. 8. 5. I Antennas.

[]<_ For S-band transmission and reception; the SCIN antenna on the side

of the S/C nearest to the MSFN station must be utilized. For VHF tra1_s-.

_j mission and reception, the SCilJ antenna indicated in figure Z.8-Z5 shouldbe utilized. This may require switching between the upper (-Z) and lower

(+Z) SCIN antennas while making a single station pass. For VHF operations

this must be done manually with the VHF ANTENNA switch. For S-band

; _ii operations, tllis can be accol_]p].ished either KI]anually or automatically with

the S-BAND ANTENNA switch.

At greater slant ranges, null points may exist in the SCIN and C-band

_[_ beacon overall antenna patterns along the centerline of the S/C, forward
and aft of the C/M. Pointing either of these null points at the MSg-N station

may cause comFnunications to be interrupted.

FJ The lower (+Z) SCIN antenna will. be burned off during entry. Thus

after entry, the upper (-Z) SCIN antenna or V_HF recovery antenna No. Z

must be utilized for cmr_munications via the VIIF/AM transmitter--receiver.

Z. 8. 5. Z Data Storage Eqvdpment.

i_ li:%i] a. Maximum DSE running tiznes for the. entire reel of tape at the three
.... _ _ ....... 3.v = _-o (LOW-- 170 ._m._:_[tes, 15 ips

operating spee_:s are as _oL,,wo ..... :..... _

ii _ (NORM)- 30 minutes, IZ0 ips (HIGH, for rewind and L]BR PCM dump

i b. Stored HBR and LBR PCIvi data, if intermixedon the.tape, cannot be I':::i:"

dumped within one station pass, due to the different .playback speeds [::

ii] _I_ requ.ired. LBR PCM must be recorded at 3.75 ips and: may be played back :
_:!! at ].5 ips or IZ0 ips; I-IBR PCM must be recorded at 15 ips and played bac_" '-_"..........

at 15 ips.

ili:}_ c. Stored PCM TLM need not be played back in the same direction in

"'_ which it was recorded. Playback in the direction of recording requires

i ii!i rewinding of the tape between recording and dumping.

_::i!! d. "]:']:ere is no provision for recording TV data.

e. High-bit rate PCM must be recorded at normal, speed or tape motion

will stop.

] f. Low-bit rate PCM must be recorded at low speed or tape motion

_! will stop.:" if!
:_

g. If tape i.s played back at low speed, the tape will move but there will

_] be no playback data available to the transmitters.
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h. If high-bit rate data is played back at high speed, the transmitter

data will be garbled.

i. If on!y a FWD or REV comrnand is given to initiate a rewind, there

will be no tape motion. A mode (preferably PI_AY), must also be selected

before tape will move.

j. Refer to paragraph 2. 8.3. Z. 6 for proper DSE operating functions.

Unified S-Band System.

a. S-band operations will be limited due to the limited number of

!vISFN stations that will have operational S-band capabilities.

b. If one of the S--band• mode switches (TAPE - OFF - ANALOG or TV -

OFF -- PLSS) is :_oved from the OFF position, the I_M selection of the

S-band transmitter wi!l be selected, reducing the circuit margins and

disabling the S-band tracking.

c. TV can only be transmitted via the USBE.

d. The secondary Oscillator can only be selected in nor_,al operation

with the RNG-RNG only switcli in the off position and the OSC switch is

SEC.

e. The TAPF, and TV switches are 3-position s'_'ftches with the de-_,n

r-,-_-:_tien no longer performing valid fu,_ct_or_s. The down position of these
switches should not be selected.

f. The TAPE and TV switches should never be positioned up

s imultaneous ly.

g. Refer to paragraph Z. 8.3.2.5 for valid unified S-band equi_4_ent

operational modes and their attendant switching configuration.

Gene ra!.

a. The maximum slant range for reliable VHF-FM TL, h._ communica-

tions should not exceed 1500 nautica._], miles. A!so, the n_axirnu:_n elevation

angle from the earth to the S/C should not be less than 5 degrees.

b. Real-time and recorded PCM TLM cannot be transmitted simulta-

neously. One or the other, however, can be transmitted via the VHF/FM

transmitter and the -c c the samelJoB_, at time, and real-time P(;M ct:;ta n-_ay

be recorded while it is being transmitted.

c. The FQR has a maximum recording time of approximate!y

30 minutes. To maintain sufficient time for all scheduled recordings of

flight qualification analog data, the FQR must be used conservatively.

Lb,

tiii
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